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INTRODUCTION 

Despite  the  many  and  wide  differences  so 
obvious  in  every  community — of  age  and  sex, 
of  regional  origins  and  historic  groupings,  of 
occupations  and  interests,  of  experience  and 
intelligence,  efficiency  and  originality,  of  edu- 
cation, manners  and  morals,  of  wealth  and 
rank,  and  so  on — each  generation  has  more 
in  common  than  its  individuals  may  realize. 
Layman  and  cleric,  pressman  and  primeV 
minister,  message-boy  and  millionaire  re- 
spond not  merely  to  their  respective  call- 
bells,  nor  in  common  to  the  peal  of  general 
rejoicing,  to  the  tolling  of  sorrow;  but  through 
their  minds  there  vibrates  also  a  certain  uni- 
son, a  response,  though  it  may  be  more  or  less 
unconscious,  to  the  key-notes  of  their  age.^ 
How  this  unison  underlies  the  apparent 
differences  is  easily  seen  on  differing  intel- 
lectual levels.  The  boy  in  the  train  buys 
Tit-Bits,  but  the  man  in  the  villa  takes  in  the 
new  Britannica;  the  specialist  concentrates 
upon  the  "Proceedings"  of  his  learned  so- 
ciety, while  the  university  principal  reviews 
his  "Calendar"  of  all  the  studies:  so  far  they 
seem  widely  apart.  But,  after  all,  their  dif- 
ferences are  only  of  degree  and  not  of  kind; 
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all  four  are  children  of  the  recent  and  passing 
phase  of  knowledge,  characterized  by  the 
encyclopaedia — whether  in  "articles"  or  in 
"papers,"  in  lecture-courses  or  in  snippets 
from  them — all  is  but  a  question  of  magni- 
tude, a  matter  of  detail.  All  four  readers 
alike  are  interested  in  knowledge  of  one  sort 
or  another;  but  these  are  seen  mainly  as 
knowledges,  and  as  advancing  analyses, 
rather  than  as  a  growing  synthesis.  So, 
though  they  all  read  very  different  news- 
papers, these  newspapers  are  yet  much  the 
same,  all  vividly  retrospective  of  yesterday, 
and  keenly  criticizing  such  and  such  of  its 
doings,  but  as  yet  with  little  sight  of  how  the 
day's  items  are  resultants  of  far  distant 
yesterdays,  sowings  for  far  distant  morrows. 
Yet  ideas  of  unity  amid  diversity,  of  order 
amid  change,  have  also  long  been  growing, 
even  finding  expression,  and  this  not  merely, 
as  sporadically  in  all  ages,  in  impressions  and 
speculations  on  decline  or  on  better  things; 
but  in  clearer  and  more  comprehensive  sur- 
veys of  the  processes  of  change,  even  inquiries 
into  its  method.  These,  in  fact,  have  gone 
towards  making  up  that  general  idea  we  now 
more  or  less  share,  of  the  universe  as  not  only 
orderly,  but  in  process  of  change.  Changing 
order,  orderly  change,  and  this  everywhere 
— in  nature  inorganic  and  organic,  ia  indi- 
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vidual  and  in  social  life — for  this  vast  con- 
ception, now  everywhere  diffusing,  often 
expressed,  rarely  as  yet  applied,  we  need 
some  general  term — and  this  is  Evolution. 

Now,  if  this  be  gaining  ground  as  a  con- 
ception of  the  world-process,  it  is  time  to  be 
inquiring  farther  into  it:  how  is  this  to  be 
done?  On  one  hand  historically,  thus  quickly 
appropriating  the  best  thought  as  yet  reached 
by  others;  on  the  other  hand  directly,  at  first 
hand  and  for  oneself,  in  our  own  environment 
of  life  and  work  and  contact  with  nature.  In 
the  former  way  we  shall  save  time,  and  in  the 
latter  gain  definiteness;  hence  impartially 
deciding  on  both,  we  may  most  speedily  turn 
for  our  outlines  to  our  encyclopaedia,  say 
Chambers'  articles  "Evolution"  and  '* Dar- 
winian Theory"  ;  and  for  direct  experience 
take  a  holiday  in  the  woods  or  by  the  shore. 
At  first  the  general  ideas  of  our  reading,  the 
details  of  our  field-observing,  may  seem  to 
have  little  in  common,  like  the  old  philosopher 
and  the  boy  collector  among  our  acquaint- 
ances: but  gradually  they  come  together: 
orderly  change  in  general,  changing  order 
amid  particulars,  are  more  and  more  seen  to 
be  at  one:  thus  we  become  evolutionists.  We 
hear  of  boy  collectors  becoming  old  philos- 
ophers, yet  remaining  boy  collectors  still: 
Darwin   above  all.      Among   his   foremost 
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fellows,  Wallace,  Haeckel,  Hooker  are  still 
with  us;  and  later  ones  in  increasing  number. 
Observing  and  thinking,  thinking  and  observ- 
ing; outdoor  and  indoor,  and  outdoor  again; 
that  is  a  game  at  which  we  all  can  play; 
with  education  and  evolution  alike  mingled 
in  its  process  and  in  its  winning. 

Evolution  in  astronomy,  from  Kant  to 
Lockyer;  evolution  in  chemistry  and  physics, 
from  Lucretius  to  the  alchemists,  and  thence 
to  Ramsay  and  his  fellow-alchemists  of  to- 
day; evolution  in  geology,  from  Leonardo  and 
Palissy  to  Lyell  and  Darwin  and  onwards  — 
all  these  large  retrospects  of  the  history  of 
science  are  needed  for  a  grasp  of  cosmic 
evolution.  Their  impetus,  their  methods  too, 
have  once  and  again  impelled  the  student  of 
organic  nature  towards  evolutionary  inter- 
pretations, and  still  do  so;  while  the  thought 
of  the  physicist  and  of  the  naturalist  are  in- 
creasingly of  interest  and  suggestion  towards 
the  distinctively  human  and  social  studies. 

Yet  it  was  essentially  in  the  very  opposite 
way  that  modern  evolution  doctrines  really 
originated;  as  a  social  theory,  that  of  progress: 
and  this  generally  diflFused  spirit  of  the  later 
eighteenth  century,  and  the  earlier  nine- 
teenth, has  both  consciously  and  uncon- 
sciously stimulated  naturalist  and  physicist 
towards    their    evolutionary    inquiries    and 
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doctrines.  Of  this  social  ferment  of  evolu- 
tionary thought  there  have  been  as  yet  two 
main  phases;  and  first  the  French  eighteenth 
century  "Progress  of  Humanity,"  that  char- 
acteristic doctrine  of  the  Encyclopedists  and 
Physiocrats,  of  Rousseau,  and  of  the  Revo- 
iution  at"  its  best,  and  this  expressed  for 
history  by  Condorcet,  for  living  nature  by 
Lamarck.  The  second  phase  is  that  of  the 
Industrial  Revolution  in  Britain,  from  Watt 
and  Arkwright  to  Stephenson  and  Wheat- 
stone;  and  thence  to  a  nineteenth-century 
manufacturing  and  commercial  world-pre- 
dominance, proportionately  culminating  from 
1851  to  1860  or  thereby;  with  its  character- 
istic "self-made  men,"  its  colonial  expan- 
sion and  growing  empire. 

It  was  the  former  period,  with  its  theories 
of  society  and  of  morals,  which  gave  birth 
to  the  "Doctrine  of  Evolution";  while  the 
latter  period,  with  its  competitive  industry, 
its  resultant  "population  question,"  etc.,  has 
found  its  expression  in  the  "Doctrine  of 
Natural  Selection."  Each  of  these  two  great 
advances  of  thought  is  thus  the  philosophic 
epic  of  a  great  natiou^t  its^^£^ch;  and 
Lamarck  and  Darwin  are  their  representative 
prophets  respectively. 

In  the  generation  after  Darwin  research 
was  necessarily  actively  specialized  in  biology; 
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and  the  social  perspective,  witn  its  conscious 
application  to  evolutionary  research,  has  been 
little  employed  by  naturalists  since  Darwin 
and  Wallace,  despite  its  extraordinary 
fruitfulness  in  their  hands.  Now,  however, 
it  begins  to  return,  witness  the  Eugenic 
movement:  and  in  these  pages  we  shall  not 
hesitate  to  avail  ourselves  of  it. 

We  may  even  utilize  it  for  teaching  pur- 
poses, beginning  with  the  doctrine  of  natural 
selection.     As  Paley's  famous  "watch  argu- 
ment" appeared  at  the  outset  of  the  me- 
chanical  age,   so   again   at   its   culmination 
we  may  avail  ourselves  of  the  conspicuous 
progress  of  invention  to  explain  and  illustrate 
Darwin's  great  doctrine.     In  fact,  we  may 
socratically  elicit  it  from  the  freshman  who 
supposes   himself   quite   unacquainted   with 
biology  or  its  theories.     For  he  knows  the\ 
points  of  a  bicycle,  and  something  of  the ) 
^v^  story  of  its  development  from  his  father's  | 
Ar         "bone-shaker,"  at  one  time  by  the  introduc- 
}      .  .     tion  of  ball-bearings,  at  another  by  the  inven- 
tion  of  pneumatic  tyres,  each   new  make, 
thanks  to  this  or  that  better  "adaptation," 
being     eminently    successful     in     surviving  f 
against  its  kindred  but  less  developed  com-) 
petitors  in  the  struggle  for  existence.    From 
bicycle,  or  similarly  motor  or  aeroplane,  we 
pass  readily  enough  to  bicyclist,  to  racehorse 
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and  bird:  and  we  see  how  we  may  explain 
the  evolution  of  their  swiftness  in  like  man- 
ner. The  man  in  the  street  is  thus  a  Dar- 
winian without  knowing  it,  and  the  world- 
success  of  Darwin's  theory  is  thus  more 
readily  understood;  the  age  had  found  its 
jpan^  |he^ 

But  what  of  outdoor  nature?  "The  field 
in  summer,  the  study  in  winter"  is  a  good 
rule,  yet  not  a  sufficient  one;  the  evolution- 
ist's studies  should  as  far  as  possible  include 
both  elements  of  observation  and  interpre- 
tation day  by  day.  Hence  Darwin's  is  per- 
haps the  most  exemplary  of  scientific  lives, 
incessantly  rising  from  sight  to  insight,  yet 
this  as  constantly  freshening  sight  anew. 
From  boyish  truancies,  through  youthful 
travels  and  maturing  researches  his  observa- 
tions and  his  speculations  went  on  enriching 
one  another;  and  thus  their  interpretation 
and  theory  have  been  an  "  open  sesame"  to 
new  fields,  new  volumes  of  personal  discovery, 
new  impulses  to  fresh  workers.  Naturalist 
and  thinker,  teacher  and  pupil,  will  thus 
long  be  inspired  by  the  example  of  Darwin 
as  rambler,  traveller  and  observer,  yet  also 
as  dreamer  and  interpreter.  The  study  of 
biology  is  thus  by  no  means  merely  abstract, 
nor  mainly  in  the  library;  it  ever  arises  from 
and  returns  to  living  nature,  and  goes  on 
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throughout  that  annual  season-drama  of 
which  we  are  but  the  awakening  spectators. 
So  psychology  has  its  concrete  nature- 
observation  in  child  study,  in  animal  be- 
haviour; and  just  as  ethics  has  its  side  of 
everyday  life,  so  sociology  its  current  events. 
Nature  studies  and  social  studies  must  again 
be  generalized,  and  this  not  only  separately 
but  in  unison.  How  so?  By  and  from 
Regional  Survey.  Relief  and  climate,  geo- 
logical and  botanical  surveys,  anthropological, 
archaeological  and  historic  surveys  all  under- 
lie our  social  studies.  Our  concrete  science 
thus  generalizes  into  a  comprehensive  re- 
gional survey,  natural  and  social,  rural  and 
urban;  as  our  abstract  sciences  advance  and 
unite  into  a  philosophy  of  evolution.  In 
measure  as  our  abstract  interpretations  and 
our    concrete    surveys    come    together    and 

ynify,  9a£JS8^£WlS^  that 

is,  it  develops  from  mere  empirical  world- 
description  into  a  rational  vision  of  world- 
development.  And  correspondingly,  the 
abstract  of  this,  which  is  our  evolution 
doctrine,  becomes  applicable  in  education 
and  in  social  life. 

Enough,  then,  of  introductory  outline;  in 
the  following  chapters  we  endeavour  to  eluci- 
date some  of  these  large  propositions  more 
clearly. 
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CHAPTER  I 

EVIDENCES   OF    EVOLUTION    FROM     EXPLORER 
AND    PALiE30NT0L0GIST 

The  Voyage  of  the  "Beagle'*  —  The  Galapagos  Islands  — 
Other  Geographical  Evidence  —  Resemblances  of  Present 
Forms  and  Past  Ones  —  The  Ancestry  of  the  Horse — • 
Connecting  Links  —  Other  Palseontological  Evidences. 

The  Voyage  of  the  "Beagle." — We  think 
of  the  voyage  of  the  "  Qi^lkxiger  "  as  a  Co- 
lumbus-voyage in  the  history  of  Biology, 
for  it  revealed  a  new  world  —  the  strange, 
silent,  cold,  dark,  plantless  world  of  the 
abyssal  sea.  But  a  far  greater  Columbus- 
voyage  was  that  of  the  "^gle"  (1831-6), 
which  led  Darwin,  _as  the  supremg_.field- 
naturalist,  at  onne  widest  ayirl  intPTi<^f^<;^t^  to 
"makethe  whole  world  new.  For  it  was  during 
this  voyngpi  thRf^hhe  evTJntir^^ 
Nature^  was  vitally  borne  m  on  Darwin's 
min3]  He  tells  us  so  himself:  "On  my  return 
home  in  the  autumn  of  1836  I  immediately 
began  to  prepare  my  journal  for  publication, 
and  then  saw  how  many  facts  indicated  the 

15 
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common  descent  of  species.  ...  In  July 
(1837)  I  opened  my  first  notebook  for  facts  in 
relation  to  the  Origin  of  Species,  about  which 
I  had  long  reflected,  and  never  ceased  work- 
ing for  the  next  twenty  years.  .  .  .  Had  been 
greatly  struck  from  about  the  month  of  pre- 
vious March  on  character  of  South  American 
fossils,  and  species  on  Galapagos  Archipelago. 
These  facts  (especially  latter)  origin  of  all  my 
views." 

This  interesting  biographic  fact,  that  what 
Darwin  saw  on  the  Galapagos  Islands  and 
elsewhere  on  his  journey ings  was  (or  at  least 
seemed  to  him)  the  origin  of  all  his  views, 
justifies  us  in  giving  precedence  to  the  "evi- 
dences" of  evolution  that  have  come  from 
his  and  other  explorations. 

The  Galapagos  Islands.  —  Let  us  take 
the  case  of  these  islands  (some  six  hundred 
miles  west  of  the  coast  of  South  America), 
which  impressed  Darwin  so  much  when  he 
visited  them  in  1835.  What  exactly  was  it 
that  impressed  him.^  He  found  that^  each 
island  had  its  own  distinctive  animal  popu-^ 
lation,  especially  of  reptiles  and  birds.  And 
yet  the  species  in  one  island  were  the  counter- 
parts of  those  in  another,  and  almost  all  had 
their  counterparts  in  the  adjoining  parts  of 
the  continent.  What  a  riddle  indeed  —  unless 
it  meant  that  the  corresponding  species  on 
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the  different  islands  and  on  the  continent 
were  blood-relations  with  a  common  de- 
scent? Thus  it  was  that  in  the  Galapagos 
Archipelago  Darwin  felt  himself  "brought 
near  to  the  very  act  of  creation." 

"My  attention,"  Darwin  writes,  "was  first 
thoroughly  aroused  by  comparing  together 
the  numerous  specimens,  shot  by  myself  and 
several  other  parties  on  board,  of  mocking 
thrushes,  when,  to  my  astonishment,  I  dis- 
covered that  all  those  from  Charles  Island 
belonged  to  one  species  (Mimus  trif  asciatus) ; 
all  from  Albemarle  Island  to  M.  parvulus; 
and  all  from  James  and  Chatham  Islands 
(between  which  two  other  islands  are  situ- 
ated as  connecting  links)  belonged  to  M. 
melanotis." 

All  subsequent  investigations  have  con- 
firmed Darwin's  observations,  both  in  their 
general  result  and  in  details.  Thus  it  has 
since  been  shown  by  Ridgway  that  the 
thrushes  from  James  and  Chatham  Islands 
of  the  same  group  are  also  of  distinct  species. 
And  of  one  hundred  and  twenty-eight  speci- 
mens of  a  lizard  called  Tropidurus  collected 
by  the  "Albatross"  from  eight  of  the  islands. 
Dr.  Baur  writes  just  as  Darwin  did:  "I  was 
not  a  little  astonished  to  find  that  nearly 
every  island  contained  a  peculiar  race  of 
species  of  this  lizard,  and  that  not„aL.single 
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island  contained  more  than_one  j^acet  or 
species/^  The  same  is  true  of  the  tortoises 
and  the  birds,  and  no  scientific  interpretation 
has  been  suggested  except  that  which  Dar- 
win gave  —  of  divergent  evolution  from  a 
common  stock. 

We  cannot  here  enter  into  a  discussion  of 
the  geological  history  of  the  Galapagos  Isl- 
ands, in  regard  to  which  there  is  some  differ- 
ence of  opinion;  it  must  suffice  to  state  one 
of  the  theories — that  advanced  by  Baur  in 
the  Woods  Holl  Biological  Lectures  for  1894. 
^'At  a  former  period  these  islands  were  con- 
nected with  each  other,  forming  a  single 
large  island,  which  itself  at  a  still  earlier 
time  was  united  with  the  continent,  probably 
with  Central  America  and  the  West  Indies. 
When  this  large  island  was  not  yet  broken  up 
into  a  series  of  smaller  islands,  the  numbeijof 
species  must  havf^  he^p  very  much  smaller; 
probably  there  was  only  one  species  of  Neso- 
mimus,  of  Certhidia,  of  Tropidurus,  of  the 
Land  Tortoise,  and  so  on.  J'hronfyh  isola- 
tion into  sinfTlp  islauf^s  the  ppciTnar^ifferen- 
tiation  of  the^pecies  began;  an  originally 
single  species  was  differentiated  in  many 
different  forms;  every,  or  nearly  every, 
island  developed  its  peculiar  races.  We  still 
see  to-day  that  islands  which  are  close  to- 
gether and  not  separated  by  deep  water  show 
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the  same  species,  like  James  and  Jervis,  or 
Hood  and  Gardner.  The  faunas  of  the 
larger  central  islands  are  again  more  closely 
related  to  each  other  than  are  the  faunas  of 
the  more  isolated  islands  like  Tower,  Bindloe, 
Abingdon,  Hood  and  Charles.  The  tortoise 
of  Duncan  is  closest  to  the  tortoise  from  Ab- 
ingdon; at  the  same  time  the  Tropidurus  of 
Duncan  comes  nearest  to  that  of  Abingdon. 
The  prevention  of  intercrossing  after  the 
separation  of  the  islands,  the  time  of  separa- 
tion; and  the  difference  in  the  conditions  on 
the  different  islands,  are  the  factors  which 
produce  the  different  races." 

We  may  also  refer  the  student  to  Wallace's 
fascinating  "Island  Life"  for  further  illus- 
trations of  the  evolutionary  suggestiveness  of 
the  exploration  of  islands. 

Other  Geographical  Evidences. — As  in 
other  parts  of  this  little  book  we  have  dwelt 
on  one  interesting  illustration  of  a  large 
subject,  we  cannot  do  more  than  refer  briefly 
to  some  of  the  other  geographical  evidences. 

^th  the  help  of  the  palaeontologist  it  is 
sonietimes  possiole  to  come  to  a  conclusion  as 
to  the  original  headquarters  of  n.  pa.rtiViilnr 
race  of  plants  or  animals,  and  then  it  is  found 
that  the  prf^^nt-day  distribution  of  th^ 
members  of  the  r^(?e  i^  readilv  intelh'^ihle  on 
the  evolutionary  assumption  of  diffusion  from 
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tlip  ^  i^n'fTiTinl^^pnfrA  and  of  JransformatJon 
into  new  species  in  relation  to  the  new  con- 
ditions  encountered.  ISome  of  the  particular 
case  leap  to  the  eye,  but  they  are  unmeaning 
conundrums  without  the  evolutionist  clue. 
Darwin  has,  in  fact,  brought  us  more  nearly 
back  to  the  Noah's  ark  of  our  childhood  than 
we  commonly  realize;  for  do  not  all  these 
stories  of  thrushes,  lizards  and  what  not 
quaintly  recall  the  origin  of  human  races  from 
the  dispersion  of  Shem,  Ham  and  Japheth.'^ 

In^  Meso^oic  times,  when  there  were  no 
Mammals  higher  than  Marsupialsa.,Australia 
was  separated  off  from  the  Asiatic  contment. 
Thprpfoj-f;  it  is  that  there  are  no  higher 
lyfamTnals;  ]i}^  ^i]gj|r^|iR.  except  the  somewhat 
mysterious  dingo,  the  bats,  which  find  the  sea 
no  barrier,  and  the  rabbits,  for  which  man 
is  responsible. 

Affinal  argument  is  furnished  bv  the  con-^ 
trast  in  the  fauna  and  flora  of  oceanic  and  of 
continental  islands.  The  former,  being  usu- 
ally  of  volcanic  origin,  have  always  a  very 
distinctive  fauna  and  flora,  which  Wallace 
has  explained  as  being  due  to  the  fortuitous 
contributions  borne  from  diverse  quarters  by 
currents,  winds  and  birds.  Other  islands, 
which  are  isolated  pieces  of  continents,  have 
a  fauna  and  flora  like  that  of  the  nearest  part 
of  the  mainland. 
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Resemblances  of  Present  Forms  and 
JPast  Ones.  —  Anotlier  seed-impression  tkat 
was  borne  in  on  Darwin's  mind  during  his 
journeyings  was  the  striking  resemblance 
between  the  living  and  the  extinct  forms  in 
the  same  area.  On  his  travels  into  the  inte- 
rior of  South  America  he  made  large  collec- 
tions, both  of  living  animals  and  of  fossils 
dug  from  the  red  mud  of  the  Pampas,  and 
what  impressed  him  most  was  that  the  ex- 
tinct bore  a  notable  correspondence  to  the 
extant.  No  living  creatures  are  more  char- 
acteristic of  the  South  American  fauna  than 
the  sloths  and  ant-eaters;  no  fossils  are  more 
characteristic  than  tb^n  gigi^^^i^  ^^gflithf^- 
Vuirns  and  GlyptodQixts;  and  the  important 
fact  is  the  structural  resemblanf*^  bptwp.pp 
these  creatures  of  the  pns}!;.  and  those  of  the 
gresentj— a  structural  resemblance  which 
suggested  to  Darwin  that  the  explanation 
might  be,  indeed  must  be,  one  of  blood- 
relationship.  "  This  wonderful  relation- 
shipj'  he  wrote,  "'in  the  same  continent 
between.  ...the  de^d  ff^^  ^^^  ^^'^^^^g  w^'^^  I 
do  not  doubt,  hereafter  tjirow  more  light  on 
the  appearance  of  orgam'i^  h^mngs  ny|  nivT 
eartli,  and  their  disappearance  from  it.  than 
any  other  class  of  facts."  This  is,  to  be  sure, 
a  cautious  statement;  but  it  seems  not  un- 
likely that  it  was  while  thus  digging  his 
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fossils  on  the  Pampas  that  Darwin  laid  vital 
hold  upon  the  principle  long  nascent  in  geol- 
ogy, and  especially  impressed  upon  him  by 
Lyell,  that  the  present  is  the  child  of  the 
past — an  idea  which  he  spent  so  much  of  his 
life  in  substantiating.  Let  us  consider  some 
other  illustrations  of  the  palseontological 
evidence. 

^  Fossil  Horses. — Huxley  made  a  strong) 
statement  m  1855  as  to  the  futility  of  seeking! 
in  the  study  of  fossils  for  confirmation  of  the  ( 
doctrine  of  evolution,  but  after  a  quarter  of  a/       (u 
century  of  investigation  he  was  as  strongly  of/  d^A^^ 
the  opposite  opinion,  declaring  that  "if  zoolo-;     ^ 
gists  and  embryologists  had  not  put  forward! 
the  theory,  it  would  have  been  necessary  for] 
palaeontologists  to  invent   it."     One  of  the 
many  reasons  which  led  him  to  a  warm  appre- 
ciation of   "the  palaeontological  evidence," 
was  a  visit  to  America,  where  he  saw  the 
famous  series  of  fossil  horses  which  Marsh  had 
unearthed  from  American  Tertiary  beds — 
one  of  the  most  impressive  of  pedigrees  that 
has  yet  been  disclosed.     For  although  we  are 
not  even  now  able  to  state  the  lineage  of  the 
modern  horse,  the  chief  steps  in  the  evolu- 
tionary process  stand  out  with  clearness,  and 
he  must  be  dulHnxieed  who  can  see  the  ad- 
mirably arranged  and  convincing  series  in 
the  museums  at  Yale  and  New  York  without 
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a  thrill  of  admiration  at  the  wonderful  recon- 
struction of  the  ancient  history  of  the  noblest 
race  of  animals,  and  that  most  widely  identi- 
fied with  man.  Since  Huxley's  day  the 
fossil  horse  has  been  "the  cheval  de  bataille  of 
the  evolutionist." 

In  spite  of  many  puzzles,  the  pedigree  is 
one  of  the  completest  and  most  striking  in- 
stances of  a  _  we11-pre<i;erved  g;enealogicaI . 
series.  It  illustrates  evolution,  as  it  were,  in 
process,  for  the  gradations  are  very  gradual; 
and  natural  selection  also,  for  the  advances 
in  the  adaptation  of  the  limbs  to  swifter  lo- 
comotion, of  the  neck  to  reach  the  low  grass, 
of  the  teeth  for  more  effective  chewing,  and 
so  on,  are  all  such  as  may  be  reasonably  in- 
terpreted in  terms  of  the  selection  of  rela- 
tively better-fittefl,  variations.  Let  us,  since 
the  case  is  a  classic  one,  attempt  an  outline 
of  the  geological  history  of  the  horse  family, 
following  the  careful  work  of  the  successors 
of  Marsh  and  Cope,  notably  of  Lull  and 
Matthew. 

■The  horse-like  animals  probably  sprang 
£i:om  an  extinct  stocj^  known  as  the  ^pndyl- 
^rthra,  which  was  iirst  represented  in  Europe 
and  Asia,  and  afterwards  in  North  America. 
The  Condylarthra  had  five  toes  on  each  foot 
and  a  large  part  of  the  sole  was  on  the  groundT 
One  of  them,  Phenacodus,  was  called  by  its 
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discoverer,  Professor  E.  D.  Cope,  a  *'five-toed 
horse,"  but  this  is  not  to  be  taken  too  Hterally. 
"The  first  undoubted  horse-like  animal 
appearing  in  the  rocks  of  North  America  is  a 
little  creature  not  more  than  eleven  inches 
high,  known  to  science  as  jEohippus."'  This 
interesting  animal  had  already  made  a  long 
stride  in  the  direction  of  the  modern  horse,  as 
the  number  of  toes  is  now  reduced  to  four  in 
front  and  three  behind,  and  the  bones  of  thg 
wrist  and  ankle  have  shifted  so  as  to  inter- 
lock, which  greatly  strengthens  the  foot.'' 
It  seems  that  Eohippus  was  also  represented 
in  Britain,  and  it  is  possible  that  migrants 
by  way  of  Asia  and  what  is  now  the  Behring 
Strait  started  the  American  stock.  Appar- 
enllv  more  primitive,  than  Eohippus  FlT^p> 
"coney-like  creature"  gyracotherium,  but 
only  the  skull  is  known.  "Commencing 
with  the  Hyracotherium,"  Dr.  Matthew 
writes,  "twejye  stapes  have  been  recogniz£ii 
frpm  a&jnany  i^uccessive  formations,  showing 
the  gradual  evolution  of  the  race  into  its 
modern  form;  and  each  stage  is  characterig- 
f\o  of  it.s  pa.rtiVn1a.r^enlog^{cflllT?;fizQ|iL  Bp. 
sides  the  main  line  of  descent  which  led  into 
the  modern  horses  and  zebras,  there  were 
,  several  collateral  branches  which  have  left 
no  descendants." 

Also  in  the  Eocene  there  was  Protorohip- 
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pus,  with  four  toes  in  front  and  three  behind, 
the  side  ones  behind  touching  the  ground.  It 
seems  to  have  been  about  fourteen  inches 
high,  and  the  evolution  of  speed  had  begun. 
During  the  Eocene  times  North  America,  wf^.,*;; 
vn  g'f^at,  purt-f^r^fit  Hnd  but  "'the  moist 
chmate  gave  rise  to  many  streams, and  lakes, 
along  the  shores  of  which  grew  sedgY_jii£ad" 
QjVs  th^t  in  tiirjx-gavf>  n'sp  to  grassy  plains. 
yhese  were  the  conditions  under  which  the 
horses  made  their  first  appearance,  and^EEe 
increasing  development  of  grass  lands  gave 
the  initial  trend  to  their  evolution." 

Somewhat  later,  in  the  Oligocene,  Meso- 
hjppus  makes  its  appearance,  the  hinJ-foot 
with  three  toes  as  before,  but  the  fore-foot 
with  the  little  toe  reduced  to  a  splint,  so  that 
only  three  remain,  the  side  ones  just  touch- 
ing the  ground.  The  middle  or  third  toe  is 
now  much  larger  than  the  side  toes,  which  no 
longer  bear  much  of  the  weight  of  the  animal, 
save  on  marshy  ground.  The  grinding  teeth 
have  become  more  complex.  One  of  the 
speHes  of  Mjesbhippus  Vas  about  the  size  of 
a  sheep,  and  one  of  the  treasures  in  the  Yale 
Museum  that  brings  the  past  very  vividly 
back  to  us  is  the  nearly  perfect  skull  of  its 
new-born  foal.  Of  the  physical  conditions 
of  the  Oligocene,  Dr.  Lull  writes:  "The  dry- 
ing  up  of  streams  and  lakes,  due  to  the 
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increasing  aridity  of  climate,  gave  great  im- 
petus to  the  development  of  broad  meadow 
lands,  and  to  the  true  prairie  as  well.  Thus 
there  were  three  conditions — woodland,  mead- 
ows _and  jrv  prairie^  which  seem  to  have 
pven  rise  to  several  parallel  lines  of  evolution, 
.some  of  which  terminated^  being  overcome 
in  the  struggle  for  existence,  while  others 
flourished  and  gave  rise  to  the  horses  of  the 
Miocene." 

Of  thp  iyriopp|]p  ^^Ypeg  we  may  select  Pro-_ 
t.ohippii?:;.  with  three  toes  on  each  foot,  but 
only  one  touching  the  ground.  The  short- 
crowned  teeth  without  cement  are  now  re- 
placed by  long-crowned  cement-covered  teeth 
like  those  of  the  modern  horse.  Protohippus 
was  about  tiiirt;^ix  inchg^  high  at  the  shoul- 
der, and  had  a  wide  distribution  from  Texas 
to  Montana  and  Oregon.  In  a  closely  re- 
lated genus,  Merychippus,  we  find  the  first 
instance  of  the  completion  of  a  bridge  of  bone 
§,t  thejiinder Jborder  of  the  orbit,  one  of  the 
characteristic  differences  between  the  skull 
of  a  horse  and  that  of  a  carnivore^  For  in- 
stance. Merychippus  is  of  particular  inter- 
est, because  it  is  almost  certainly  in  the 
direct  line  of  ancestry  to  all  subsequent 
Equidse.  The  forest-horse,  Hypohippus, 
with  spreading  three-toed  feet,  suited,  like 
the  reindeer's,  for  soft  ground,  is  a  good  ex- 
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ample  of  those  horses  that  became  extinct 
during  the  Miocene,  leaving  no  descendants, 
and  Anchitherium,  found  both  in  Europe  and 
in  America,  was  probably  also  on  a  side 
branch.  Of  the  Miocene  period.  Dr.  Lull 
says:  '*This  was  a  time  of  continental  eleva- 
tion and  great  expansion  of  our  western 
prairies  and  a  consequent  diminution  of  the 
forest-clad  areas."  Many  forms  very  per- 
Jectly  adapted  to  soft  herbage  t^ecame  ex- 
tinct, "but  the  great  majority  were  more 
plastic  and  in  consequence  underwent  a 
remarkable  development,  during  this  period 
reaching  the  culmination  in  numbers  and 
kinds." 

In  the  Pliocene  there  was  a  wide  repre- 
sentation of  the  Old  World  genus  HipparioTi. 
most  of  the  species  still  three-toed.  It  was 
probably  derived  from  the  American  Neo- 
hipparion,  a  swift,  deer-like  animal,  about 
forty  inches  in  height  at  the  shoulder.  "In 
the  Siwalik  beds  of  India  is  found  a  one-toed 
Hipparion,  and  it  has  been  suggested  that 
Ihe  modern  zebras  may  b^;  fhe.  }W}n^  HpgpprLd- 
f^nts  of  this  genus.  It  is  certainly  not  in  the 
line  to  the  common  horse,  Equus  caballus, 
which  makes  its  appearance,  however,  in  the 
Upper  Pliocene  beds  both  of  Eurasia  and 
North  America — the  climax  of  a  long  evo- 
lutionary progression." 
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We  have  dwelt  on  the  case  of  the  horse's 
pedigree — at  once  longer  and  stranger  than 
any  fairy  ride — because  it  is  one  of  the  best 
instances  of  its  kind,  and  from  one  such  we 
may  learn  all.  But  we  have  only  given  the 
bare  outlines  of  a  remarkable  story,  well 
worth  reading  in  detail.  In  the  enthusiasm 
of  early  discoveries  the  matter  seemed  simpler 
than  it  really  is,  and  the  mistake  was  made 
of  hurriedly  constructing  a  linear  series  which 
showed,  for  instance,  jbhe  gradual  reduction 
of  toes  from  fiveto  one,  and  supposing  that 
tms  was  a  genuine  pedigree.  More  detailed 
and  critical  inquiry  has  shown,  however,  that 
there  were  several  collateral  series,  and  it  is 
not  quite  justifiable  to  fill  up  gaps  along  one 
line  by  links  which  belong  to  other  lines  of 
descent.  One  critic  points  out  that  Equus 
actually  appears  in  the  rock  record  before 
some  of  its  alleged  ancestors,  and  Deperet 
writes  in  his  interesting  *' Transformations 
of  the  Animal  World":  "The  supposed  pedi- 
gree of  the  Equidse  is  a  deceitful  delusion, 
which  simply  gives  us  the  general  process  by 
which  the  tridactyl  hoof  of  an  Ungulate  can 
transform  itself,  in  various  groups,  into  a 
monodactyl  hoof,  in  view  of  an  adapta- 
tion for  speed."  It  is  interesting  to  notice, 
however,  that  among  competent  critics  of 
too  hastily  constructed  pedigrees  even  the 
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severest  do  not  in  the  least  impugn  the  doc- 
trine of  evolution. 

What  seems  clear  is  this,  that  in  early 
Eocene  times  there  lived  small  five-toed 
hoofed  quadrupeds  of  generalized  type,  that 
the  descendants  of  these  were  gradually 
specialized  throughout  long  ages  along  similar 
but  by  and  by  divergent  lines,  that  they  lost 
toe  after  toe  till  only  the  third  remained, 
that  they  became  taller  and  swifter,  that  they 
gained  longer  necks,  more  complex  teeth  and 
larger  brains.  So  from  the  short-legged  splay- 
footed plodders  of  the  Eocene  marshes  there 
were  evolved  light-footed  horses  running  on 
tiptoe  on  the  dry  plains. 

We  can  only  refer  to  the  importance  for  an 
evolutionist  outlook  of  thus  trying  jd  corre- 
^ate  the  changes  in  the  animal  with  the 
j[;hanges  in  the  external  conditions.  The  evo- 
Iiition  of  the  horse  is  wrapped  up  with  the 
evolution  of  the  plains,  and  of  their  grasses 
also,  for  these  made  their  first  appearance 
in  Tertiary  times.  The  early  ancestors  prob- 
ably lived  in  the  warm  luxuriant  forests, 
but  as  colder,  drier  climate  set  in,  and  the 
forests  shrank,  the  progressive  "hippoids" 
took  more  and  more  to  the  open.  Even  in 
regard  to  the  teeth  we  can  understand  that 
the  change  from  the  short-crowned  to  the 
long-crowned  type  enabled  the  animals,  as 
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Dr.  Matthew  notices,  "to  subsist  on  the 
hard,  comparatively  innutritions  grasses  of 
the  dry  plains,  which  require  much  more 
thorough  mastication  before  they  can  be  of 
any  use  as  food  than  do  the  softer  green  foods 
of  the  swamps  and  forests." 

We  must  not  leave  this  question  of  the 
horse's  evolution  without  calling  attention  to 
a  fact  of  great  interest,  that  in  the  individual 
developnient  there  is  a_series  of  changes 
which  to  some  extent  correspond  with  the 
historical  steps  represented  by  forms  like 
Eohippus,  Mesohippus,  Protohippus,  Mery- 
chippus,  and  so  on.  Professor  Cossar  Ewart 
has  shown,  for  instance,  that  the  small  nodule 
at  the  end  of  the  splint  bone  is  separate  in 
the  embryo,  and  is  the  representative  of 
one  or  more  of  the  joints  of  the  second  or  the 
fourth  digit  which,  apart  from  this,  would 
seem  to  have  entirely  passed  away.  It  is 
well  known  that  in  a  monstrosity  of  our 
Jamijiar  one-toed  horse  the  splint  bone^mx 
each  side  of  the  main  CRnnmi-bonp  ]^  p^r\- 
larked,  and  bears  a  complete  digit,  so  that  a 
±hree-toed  horse,  such  as  the  one  Julias 
Caesar  rode,  occasionally  still  walks  upon  the 
earth.  Such  cases  of  symmetrical  three,-toed 
development  may  be  fairly  interpreted  as 
reversions  to  the  ancestral  tvpe,  and  are  to 
be  distinguished  from  unsymmetrical  extra 
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toes,  which  are  mere  duplications  without 
ancestral  interest,  and  comparable  to  the 
occasional  occurrence  of  a  sixth  finger  in  man. 

In  his  very  interesting  study  of  "Wild 
Traits  in  Tame  Animals"  (1897)  Dr.  Louis 
Robinson  refers  to  survivals  of  behaviour 
which  date  from  the  old  wild  life  in  the  open 
plains.  It  was  imperative  long  ago  that  thef 
young  foals  should  run  with  their  mothers,  (  5^»>- 
and  to  this  day  they  do  not  gorge  themgdyesf 
with  milk  as  calves  do.  When  alarmed, 
horses  hold  their  heads  hiph,  as  when  wild 
upon  the  plains;  they  bite  very  closely  when 
grazing;  ii^  both  respects  they  differ  markedly 
from  catile.  "Shying"  is  a  relic  of  the  in- 
stinct of  swerving  suddenly  from  a  suspicious 
rustling  and  the  like  which  used  to  mean  the 
presence  of  a  lurking  foe.  Such  survivals 
are  interesting  and  strike  our  fancy;  but  the 
past  lives  in  the  present  even  more  clearly 
in  regard  to  structure  tliar^  in  rei^ard  i;.o  hahit^ 
and  by  the  "button"  at  the  lower  end  of  the 
splint  bones  the  modern  horse  is  indubitably 
linked  back  to  its  polydactyl  ancestors. 

Connecting  Links. — There  is  no  more 
complete  or  striking  contrast  of  aspect  and 
habitat,  habit  and  temperament  in  the 
animal  kingdom  than  that  between  the 
average  bird  and  the  average  reptile;  and  yet 
every   zoologist   is   sure   that  Jbirds   sprang 
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from  some  aTinjent  reptilian  or  saurian  stock. 
He  has  not  ceased  to  wonder  how  this  tran- 
sition can  have  come  about;  "how  the  slow, 
cold-blooded,  scaly  beast  ever  became  trans- 
formed into  the  quick,  hot-blooded,  feathered 
bird,  the  joy  of  creation";  but  he  does  not 
doubt  that  the  transition  was  effected.  He 
is  still  unwilling  to  make  any  positive  state- 
ment in  regard  to  the  precise  pedigree  of 
birds,  and  yet  he  is  confident  that  they 
sprang  from  a  reptilian  stock.  What  are 
the  reasons  for  this  confidences^ 

They  are  threefold: — (1)  There  are,  in  spite 
of  appearances,  numerous  structural  resem- 
blances  between  birds  and  reptiles,  fromlhg 
scales  on  the  feet  to  the  composition  and-tbe 
articulation  of  the  lower  ]aw:  (^)  there  are 
deep  similarities  in  development,  for  the 
embryo  bird  and  the  embryo  reptile  travel 
at  first  along  parallel  paths,  and  only  grad- 
ually part  company;  and  (3)  there  are 
extinct  types  whji^h  to  some  pytpnt  jiT'i'dge 
the  conspicuous  gap.  A  word,  then,  in  regard 
to  these  connecting  links. 

One  of  the  most  treasured  fossils  in  the 
world — of  which  the  British  Museum  and 
the  Berlin  Museum  have  each  one  of  the 
two  known  specimens— is  the  oldest  known 
bird,  Archseopteryg.  These  priceless  skele- 
tons werefound  well  preserved  in  the  lith- 
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ographic  stone  of  Bavaria,  and  the  grain  of 
the  stone — a  hardened  mud — is  so  fine  that 
the  impressions  of  the  feathers  are  well  seen, 
and  most  of  the  bones  are  clear,  ^rchseop- 
j^ryx  was  a  creature  about  the  size  of  a  crow, 
probably  arboreal,  and  beyond  all  doubt 
a  bird — the  earliest  bird  we  know  of.  But 
what  gives  it  a  peculiar  interest  is  that  while 
it  is  not  far  from  a  typical  bird  in  its  skull,  its 
merry-thought,  and  its  legs,  it  is  in  some 
other  respects  markedly  reptile-like.  It  hag, 
for  instance,  teeth  in  both  jaws,  a  long;  tail 
like  a  lizard's,  and  a  strange  wing,  well- 
developed  yet  unfinished,  with  its  three 
digits  ending  in  unmistakable  claws. 

Now  Archseopteryx  was  very  far  from  be- 
ing a  beginner  on  the  bird  line  of  evolution; 
its  wings  and  its  legs  prove  that.  It  is  also 
possible  that  it  was  an  offshoot  from  the 
direct  line,  and  thus  not  ancestral  to  any 
bird  now  living.  Still,  we  cannot  but  regard 
it  as  "'a  connecting  link"  in  the  sense  that 
it  shows  in  its  structure  a  combination  of 
reptilian  and  avian  characters,  the  latter,  of 
course,  fully  predominating. 

"^f^iL  Series^ — One  of  the  finest  examples 
of  a  well-preserved  series  of  kindred  forms 
is  afforded  by  an  extinct  freshwater  sna^l. 
Paludina  neumayri,  which  is  very  abundant 
in  some  Tertiary  deposits  in  Slavonia.    The 
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oldest  form  has  a  more  or  less  smootTi  shell, 
the  youngest  has  a  conspicuously  ridged  shelL 
and  there  are  fifteen  gradations  het^yeen  the 
twg.  Before  the  complete  series  was  known 
it  was  usual  to  distinguish  half  a  dozen  or 
more  species;  but  with  the  beautifully  gradu- 
ated, really  continuous  series  before  us,  we 
feel — fossils  as  they  are — that  we  see  a  species 
varying  before  our  eyes.  If  conditions  had 
arisen  that  assured  survival  and  success  only 
to  the  markedly  ridged  forms,  the  inter- 
mediate gradations  would  soon  have  fallen 
into  the  minority  and  disappeared  as  living 
creatures  from  the  scene,  and  a  ridged  species, 
apparently  discontinuous,  would  have  been 
established. 

Similarly  in  the  neighbourhood  of  Stein- 
heim  in  Wtirtemberg,  in  calcareous  deposits 
that  mark  the  floor  of  an  old  Tertiary  lake, 
there  are  enormous  quantities  of  a  small 
snail,  Planorbis  multiformis,  which  has 
been  carefully  studied  by  Hyatt  and  others. 
And  again,  since  the  whole  history  has  been 
unearthed,  we  see  evolution  before  our  eyes. 
The  particularly  interesting  feature  is  that 
there  are  four  or  so  primitive  forms  which 
are  verv  like  one  another,  and  that  each  of 
these  is  the  startiniT-poin^  ^^  «.  spnV^  fhe. 
termini  of  which  are  very  different.  The 
contrast  between  the  beginning  and  the  end 
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of  a  series,  e,  g.  between  a  high  spiral  and  a 
flat  spiral,  is  often  so  striking  that  no  one 
would  hesitate  in  calling  them  distinct 
species.  Yet  they  are  connected  by  a  long 
series  of  fine  gradations. 

Some  are  surprised  that  such  series  are  not 
commoner  if  Evolution  has  been  the  mode  of 
the  becoming  of  things;  but  they  have  not 
adequately   understood   how   great   are   the 
odds  against  the  preservation  of  such  records. 
Qnly  hard  parts  make  good  fossils:  only  cer- 
tain kinds  of  deposits  make  suitab]|<^  ^.pmhs; 
many  rocks  have  been  unmade  and  re-made 
several  times; — these  and  many  other  facts 
enable  us  to  understand  "the  imperfection 
of  the  geological  record."    As  Darwin  said,- 
we  must  look  at  the  geological  record  "  as  a| 
history  of  the  world  imperfectly  kept,  and! 
written  in  a  changing  dialect;  of  this  history | 
we  possess  the  last  volume  alone,  relating! 
only   to   two   or   three   countries.     Of   this' 
volume,  only  here  and  there  a  short  chapter 
has  been  preserved;  and  of  each  page,  only 
here  and  there  a  few  lines."    And  again  he 
said:  "We  shall  perhaps  best  perceive  the 
improbability  of  our  being  enabled  to  connect 
species  by  numerous  fine  intermediate  fossil 
links,  by  asking  ourselves  whether,  for  in- 
stance, geologists  at  some  future  period  will 
be  able  to  prove  that  our  different  breeds  of 
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cattle,  sjieep,  horses  and  dogs  are  descended 
^onila  single  stock  or  from  several  ahorigina.l 
sjbocks,, .  .  .  This  could  be  effected  by  the 
future  geologist  only  by  his  discovering  in 
a  fossil  state  numerous  intermerliat.e  grada- 
tionsL-and  such  success  is  improbable  in  the 
highest  degree. " 

Other  Pal^ontological  Evidences. — 
There  is  a  sublime  suggestiveness  in  the  broad  ^ 

fact  that  in  SUCCeS},siv<^  ppn'nrlg;  nf  flip   ppirtii'g  \ 

history  higher  and  higher  animals  ?^ppe.ar.  : 
Fishes  make  their  appearance  in  the  Silurian," 
Amphibians  in  the  Carboniferous,  Reptiles 
in  the  Permian,  and  Birds  in  the  Jurassic. 
The  record  as  regards  plants  is  perhaps  more 
striking  in  some  of  its  details  than  in  its 
broad  outlines  (see  Dr.  Scott's  volume  in  this 
series  on  ''The  Evolution  of  Plants"),  but 
every  one  will  allow  that  there  were  Crypto- 
gams before  there  were  Phanerogams,  and 
Cycads  and  Conifers  before  there  were  any 
ordinary  Flowering  Plants. 

There  are  other  sets  of  suggestive  facts  to 
which  reference  might  be  made  if  space  per-^ 
mitted :  there  is  the  absence  of  sudden  breaksj 
or  cataclysms;  there  is  gradual  waxing  audi 
waning  of  races:  there  is  the  remarkabW 
phenomenon  of  what  may  be  called  the 
adolescence  and  senescence  of  genera^  if  not 
even  species;  there  is  the  occurrence  of  ol^- 
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fashioned  generalized  tvp<^^  wh\oh  liyi]^  fo" 
^ether  a  number  of  now  divergent  stocks:  but 
perhaps  we  have  said  enough  to  show  that 
the  facts  brought  to  light  by  the  explorations 
of  palaeontologists  are  suggestive  of  the 
evolutionist  interpretation,  and  there  is  no 
other  reading  of  the  rock-record  that  does 
not  leave  the  facts  enigmatical.  In  empha- 
sizing the  importance  of  this  line  of  argu- 
ment, Huxley  said :  ^'The  primary  and  direct 
evidence  in  favour  of  Evolution  can  be  furr 
nished  only  by  palseontologv.  The  geological 
record,  so  soon  as  it  approaches  completeness, 
must,  when  properly  questioned,  yield  either 
an  affirmative  or  a  negative  answer:  if  Evo- 
lution has  taken  place  there  will  its  mark  be 
left;  if  it  has  not  taken  place  there  will  lie  its 
refutation."  But  it  is  more  consistent  with 
the  science  of  to-day  to  put  the  case  more 
confidently,  and  we  would  quote  the  opinion 
of  a  living  palaeontologist  of  high  achieve- 
ment. Professor  W.  B.  Scott  of  Princeton: 
"The  geological  record  is  not  so  hopelessly 
incomplete  as  Darwin  believed  it  to  be.  Since 
VThe  Origin  of  Species'  was  written  our^ 
knowledge  of  that  record  has  been  enor- 
mously extended,  and  we  now  possess  no 
complete  volumes,  it  is  true,  but  some  re- 
markably full  and  illuminating  chapters. 
The  main  significance  of  the  whole  lies  in  the 
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fact  that,  just  in  proportion  to  the  complete- 
ness  of  the  record  is  the  unequivocal  character 
of  its  testimony  to  the  truth  of  the  evolutionary 
theory. '' 

The  wealth  and  interest  of  tlie  palflPOTi to- 
logical  record  is.  in  fact,  only  nowadays 
coming  to  be  ful]x^appreciatedj)y  the  palae- 
ontologists themselves.  From  collectors  and 
specialists  they  are  becoming  not  only 
museum-makers,  but  so  far  also  artists,  not 
only  arranging  their  specimens  in  clear  evo- 
lutionary series,  like  the  horses  at  Yale  or 
the  elephants'  teeth  at  South  Kensington, 
or  setting  up  their  skeletons  in  living  atti- 
tudes, like  the  marvellous  group  of  Iguano- 
dons  which  are  the  glory  of  the  Brussels 
Museum,  but  becoming  also  sculptors,  and 
modelling  their  ancient  monsters  as  they 
must  actually  have  lived.  Nearly  a  couple 
of  generations  ago  this  was  tried,  as  notably 
for  the  Ichthyosaurs  and  Plesiosaurs  (Liassic 
fish-dragons  and  swan-dragons)  at  the  Crys- 
tal Palace,  where  to  this  day  there  are  some 
weird  survivals,  but  with  inaccuracies  which 
were  only  too  severely  criticized.  Now,  how- 
ever, the  magnificent  Central  Natural  History 
Museum  of  New  York  has  not  a  few  examples 
of  this  new  branch  of  the  animal  sculptor's 
art,  which  hardly  yield  in  vividness  and 
convincingness  to  the  life-like  triumphs  of 
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the  best  of  museum  taxidermists.  Yet  even 
these  are  but  a  beginning;  as  the  evolutionary 
mode  of  presentment  increasingly  dominates 
our  collections,  as  already  in  the  "Phyletic 
Museum'^  which  has  been  so  appropriately 
established  as  the  Haeckel  memorial  at  Jena, 
or  in  the  central  hall  of  the  Natural  History 
Museum  in  London,  our  galleries  will  in- 
creasingly develop  their  panoramic  renewal 
of  the  forms  of  life  throughout  their  evolution, 
and  will  thus  express  the  record  of  the 
palaeontologist  as  a  wonderland  for  the  child 
— whose  continual  interest  in  strange  beasts, 
a  delight  thrilled  with  terror,  is  perhaps  itself 
a  survival  and  a  recapitulation  of  the  past 
mental  experience  of  our  race. 


*i^iY^: 


CHAPTER  II 

EVIDENCES  OF  EVOLUTION  FROM  ANATOMIST, 
EMBRYOLOGIST  AND  PHYSIOLOGIST 

Three  Foundations  of  the  Doctrine  of  Descent — Ho- 
mologies— New  Organs  from  Old — Classification — Vestigial 
Structures — The  Recapitulation  Doctrine.  Experi- 
mental Evolution — Direct  Evidence  of  Blood-relation- 
ship— Man  as  Transf ormist. 

Three  Foundations  of  the  Doctrine  of 
Pescent. — ^The  general  theory  of  organic 
evolution — ^for  so  long  conveniently  called 
the  "doctrine  of  descent" — ^has  a  tripod 
basis. 

(a)  It  rests,  as  we  have  seen,  on  definitely 
I  "historicar"  evidence — on  what  can  be  ac- 
4-tually  proved  in  regard  to  ancestry.    Thus 

recent  discoveries  have  made  the  lineage  of 
the  elephant  convincingly  clear,  equalling,  if 
not  surpassing,  in  evidential  value  that  of 
the  horse  itself. 

(b)  It  rests  also  upon  anat^ical^evid^ice, 
on  the  disclosure  of  structural  resemblances, 
often  beneath  a  mask  of  functional  diflFer- 
ences,  which  are  in  many  cases  so  intimate, 
so  thoroughgoing,  so  detailed,  that  it  is  im- 
possible to  doubt  that  they  spell  affiliation. 

40 
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(c)  It  rests  thirdly  upon  .^mbryoIogjcalA 
gXJdence,  for  the  individual  developmeiitP 
seems  almost  to  go  out  of  its  way  to  reveal 
the  evolution  of  the  race.  The  familiar  de- 
velopment of  frog-spawn  into  tadpoles  and 
froglings  is  in  some  respects  almost  startling 
in  its  recapitulation  of  the  evolution  of  the 
Amphibian  race  from  fish  ancestors — an  evo- 
lution vouched  for  by  the  data  of  palaeon- 
tology and  comparative  anatomy. 

Following  the  historical  order,  we  pass 
from  the  distributional  evidences  of  evo- 
lution— whether  horizontal  and  geographical, 
or  vertical  and  palseontographical — to  the 
nqat^mical  data.  These  are  of  three  kinds 
at  least:  (1)  there  is  the  rf<"(>gT^itinn^^^:y£^ 
homologies,  i.  e.  of  deeply-rooted  structural 
and  developmental  similarities;  (2)  there  are 
t]ie  facts  of  classification^  that  species  fa,(^efi 
into  species,  that  genus  is  linked  to  genus, 
that  tentative  genealogical  trees  are  possible; 
and  (3)  there  is  the  occurrence  of  vestigial 
^triictuies^  of  which  there  is  no  feasible  in- 
terpretation except  in  terms  of  past  history. 

Homologies. — W^hen  two  or  more  struc- 
tures, organs  or  specialized  parts,  in  one  and 
the  same  organism,  or  in  several  organisms, 
show  a  deep  resemblance  in  their  architecture 
and  also  in  their  manner  of  development, 
they  are  said  to  be  homologous.    When  they 
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resemble  one  another  in  having  a  similar  use, 
in  discharfflng  the ,  sjaine  JunciJQJi.  they  are 
said  to  be  analogous.  This  distinction  of  the 
two  kinds  oF  likeness,  which  are  confused  in 
popular  thought  and  language,  is  of  far- 
reaching  importance.  The  discipline  of 
comparative  anatomy,  largely  by  help  of  the 
Platonic  idea  of  the  "archetype" — the  es- 
sential or  ideal  form  of  each  group  or  species 
— had  made  the  idea  of  homology  clear 
before  it  reached  its  evolutionist  interpre- 
tation; and  research  increasingly  showed 
that  if  classification  is  to  be  a  grouping  to- 
gether of  forms  that  arp  Hppp]y  alike,  it  mnst 
geaton  St  recognition  of  homoloffles,  and  that 
a  grouping  according  to  analogical  resem- 
blances is  bound  to  be  fallacious. 

Aristotle  (384-322  B.  c.)  recognized  real 
kinship  when  he  ranked  whales  with  mam- 
mals, not  with  fishes;  and  bats  with  mammals^ 
not  with  birds.  And  from  that  early  date 
till  now  the  successful  classifiers  of  animals 
or  of  plants  have  been  those  who  saw  clearly 
through  all  deceptive  suggestions  of  func- 
tional resemblance  (analogy),  and  got  down 
tQ  _^X^suj:e  foundation  of  s1;.fi^ctnrfi,l  aiift 
j^vfilgprnental  resemb^Tlcf^  Vhomology') . 

To  make  the  distinction  between  homol- 
ogies of  essential  form  and  mere  analogies 
of  use  more  concrete,  let  us  recall  the  three 
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instances  of  Owen,  to  whom  it  owes  its  classic 
statement: — 

(1)  The  wing  of  a  bird  and  the  arm  of  a 
naan;  they  are  both  fore-limbs,  with  funda- 
mentally the  same  structure  as  regards  bones 
and  muscles,  nerves  and  blood-y^ssels;  they 
are  homologous,  but  not  analogous. 

(2)  The  wing  of  a  bird  and  the  win^  of  a 
hitttfxfl^;  they  are  both  organs  of  true  flight, 
but  they  have  no  structural  or  developmental 
resemblance;  t^^^y  ^i;e  fi,na.lngmi.g^.  but  not 
homologous. 

(3)  The   wing;   of   ^.  bir(^    and    fhe^  wing  nf 

a  bat:  they  are  both  fore-limbs  of  similar 
structure  and  development;  they  are  both 
organs  of  true  flight;  they  are  at  once  ho- 
mologous and  analogous. 

Now,  the  evolutionary  suggestiveness  of 
homologies  is  indisputable.  If  we  take,  for 
instance,  a  series  of  fore-limbs  among  back- 
boned animals — the  arm  of  a  frog,  the  paddle 
of  a  turtle,  the  wing  of  a  bird,  the  fore-leg  of 
a  horse,  the  flipper  of  a  whale,  the  wing  of  a 
bat,  and  the  arm  of  man — we  find  detailed 
homology  not  only  as  regards  the  bones,  but 
as  regards  muscles,  nerves,  and  blood-vessels. 
Throughout  there  is  q)osq  .^jjnijlarity  in-the 
ftmda.menta|  m^te^i^l  f^nd  in  the  mode  of 
origin^  but   th^   finfll    rPi^^nlts   ho^   rliffpTPnt! 

Thereis  moulciing  and  shaping  and  twisting 
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of  the  same  old  materials,  and — it  is  Nature's 
conjuring — there  is  something  new  every 
time.  But  the  facts  being  so,  it  is  very 
difficult  to  suggest  any  interpretation  except 
one — that  the  resemblance  is  due  to  |;>1ood- 
relationship.  As  Darwm  said:  "How  inex- 
plicable is  the  similar  pattern  of  the  hand  of 
a  man,  the  foot  of  a  dog,  the  wing  of  a  bat, 
the  flipper  of  a  seal,  on  the  doctrine  of  in- 
dependent acts  of  creation!  How  simply 
explained  on  the,  principle  of  the  natural 
selection  of  successive  slight  variatioT;§ 
in  the    diy^rg^'yig    Hpsppn Hants  from    a    singly 

progenitor! " 

^  JVIjEW  Organs  from  Old. — ^Another  set  of 
suggestive  facts  is  found  in  what  the  compara- 
tive anatomists  have  shown  in  regard  to 
many  of  the  structural  novelties  which  ap- 
pear at  point  after  point  in  the  animal  series, 
that  the;^^arp  old  ftrgOT>S  in  a  UfiW  gUJse.  The 
poison  gland  of  ^  snake  is  usually  a  specializa- 
tion of  the  parotid  salivary  gland;  the  milk- 
glands  of  ordinary  mammals  are  specializa- 
tions of  the  sebaceous  glands  of  the  skin,  while 
those  of  the  egg-laying  duckmole  and  spiny 
ant-eater  are  nearer  the  sweat-gland  type; 
the  ohain  of  fhree.  minnte  hones  jn  the  maTn- 
malian  ear,  conveying  vibrations  from  the 
drum  to  the  inner  ear,  is  in  a  sense  quite  new, 
and  yet  its  links  were  forged  long  before  there 
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were  any  mammals;  similarly,  the  Eusta- 
chian tube  which  runs  past  the  ear  to  the 
back  of  the  mouth  in  amphibians,  reptiles, 
birds  and  mammals  corresponds  to  the  first 
gill-cleft  or  spiracle  of  a  shark.  Begging 
the  question,  we  may  state  it  as  one  of  the 
laws  of  evolution  that  markedly  new  stnir^ 
turesji,^.ve  often  ^ risen  frorr^  the  trnnsfor- h 
mation_pf  old  st]|;^ctures  of  ouite  different^ 
fjmctjoni 

Classification. — Some  reckon  that  there 
are  over  a  inillioTi  diff ereiiL^sprrini^^ij^ Jiving. 
creatures,  and,  in  any  case,  there  are  many 
myriads.  Now  these  species  are,  in  many 
cgLses,  linked  together  bv  vari^ti^^  whieh 
make  stn'et  ^^fevemnee  difflenlt.  They  are 
like  constellations,  well-defined  at  first  glance, 
which  on  closer  inspection  are  seen  to  be 
connected  by  outlying  members  with  ad- 
jacent constellations.  Moreover,  t}iey  can 
be  rationally  arranged  in  genera,  orders, 
families  and  classes;  v^t  betw^^n  fhese 
there  appear  not  a  few  r(^rr}^^rl;ahh  <:onnect- 
ingjinka;  there  is  structural  progress  from 
the  unicellular  organisms  upwards  along 
various  lines  of  organization;  and  it  is 
possible  to  make  a  provisioiial  genealogical 

tlg^J^^^^^  ^'"^  beeoming  le^i'g  nnri  Ipss  shpdf^Wy 

^^erx.j^eaiv  though  the  mutual  ^elatjf>ni=^  ^f 
jhe  larger  branches  are  still  very  obscur^^ 
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A  practical  study  of  the  species  of  plants  and 
animals,   and  of  the  way  one  category  of 
classification    includes    those    beneath    it — 
classes^   orders;     orders,   families:    families, 
genera:    s^enera,  species:    species,  varieties: 
and    varieties ,    individuals — gives    us    "an^ 
impression  of  aflSliation"  which  we  do  not' 
get  from  a  classification  of  rocks  or  other  | 
inanimate  objects.     It  is  impossible  not  tpv 
feel  in  biological  classification  the  suggestion 
pf  pedigrees  and  heraldry. 

Vestigial  Structures. — Both  in  plants 
and  animals  it  is  common  to  find  minute  and 
more  or  less  useless  representatives  of  organs 
which  are  well  devf^loped  and  functional  in 
related  forms.  It  is  impossible  for  us  now- 
adays to  keep  from  calling  these  structures 
vestigia]  (a  better  X^yjw  _than  rudimentary, 
which  should  be  kept  for  what  is  incipient), 
and  from  regarding  them  as  the  tell-tale 
evidences  of  remote  ancestry.  Darwin  com- 
pareci  ttiem  to  the  unsounded  letters  in  many 
words,  such  as  the  "o"  in  leopard,  the  '*b'' 
in  doubt,  the  "g"  in  reign,  which  are  quite 
functionless,  but  tell  us  something  about  the 
history  of  these  words.  Every  one  is  famil- 
iar with  the  numerous  functionless  flaps  and 
buttons  in  clothing  which  once  had  a  mean- 
ing they  have  now  lost.  Similar  "vesti- 
gial structures"   or   "suryivals"   persist  in 
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the   recesses    of   all    manner    of    venerable 
institutions. 

From  this  point  of  view  our  own  body  i?ii  aM 
veritable  museum  of  relics.  But  these  are! 
not  all  equally  venerable.  In  the  first  place, 
there  are  antique  structures  which  n^p  prpspnf. 
only  in  the  embryo,  not  normallv  coming  to 
anything  in  the  adult,  as  is  the  case  with  all 
the  vigceral  clefts  (or  gill-clefts^  except  the 
first^  w]]ic^  sfuryives  as  the  Eustachian  tube. 
In  the  second  place,  there  are  old-fashioned 
structures  which  persist  in  adult  life,  but  in 
much  disguised  form.  Thus  the  fflll-arches, 
whose  primary  significance  (in  the  lower 
Vertebrates)  was  to  support  gills,  persist  in 
our  body,  almost  unrecognizably  transformed, 
injthe  skeletal  support  of  the  tongue  and  in 
the  framework  of  the  larvnx.  In  the  third 
place,  there  are  vestigial  structures  in  a 
stricter  sense,  because  far  more  recent — 
dwindling  residues  persistent  in  adult  life, 
but  either  functionless  or  relatively  unim^ 
portant.  such  as  the  minute^^ third  eyelid'* 
which  lies  in  the  median  angle  of  our  eye,  or 
the  muscles  of  the  ear,  which  in  occasional 
individuals  are  strong  enough  to  move  the 
trumpet,  or  the  vermiform  apjjgndix  on  the 
large  intestine.  This  last  anachronism  seems 
not  merely  to  have  outlived  its  usefulness;  it 
often  costs  a  man  his  life.    It  is  "like  an  idle 
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person  in  a  community,"  peculiarly  liable  to 
go  wrong  and  give  rise  to  serious  mischief. 
Indeed,  this  is  true  of  not  a  few  other  vestigial 
organs. 

There  is  no  lack  of  eloquent  examples  from 
the  animal  kingdom.  The  baleen  ^vhalp  has 
no  functional  teetti.  and  yet  it  has  th^  ngnal 
t^o  sets — which  never  cut  the  gum.  Whales 
have  no  visible  hind-legs,  yet  many  show 
vestiges,  with  bones,  cartilages,  and  even 
unmoving  muscles,  which  are  buried  deep 
below  the  surface  and  absolutely  useless. 
Most  snakes  are  absolutelv  limbless,  but  in 
the  boa  constrictor  and  some  of  its  relatives 
there  are  quite  distinct  hind-legs,  though 
these  are  so  diminutive  as  to  require  looking 
for,  even  on  a  big  specimen. 

TijE^^JRjECAPiTUT^  ^  poc|;RraE. — The 
greatestoPSnbryo^^  von  Baer  (1792- 
1876),  was  not  an  evolutionist,  for  reasons 
which  his  dates  in  part  explain;  yet  he  was 
one  of  the  first  to  make  clear  what  has  always 
been  eloquently  suggestive  of  evolution — 
the_ remarkable  r^sen^blance  betweei^  t];fe  | 
embryi^s,.of  different  types  of  the  same  great  ^ 

frouD>  Thus,  if  we  take  the  higher  Verte- 
rates,  viz.  reptiles,  birds  and  mammals, 
there  is  an  undeniable  resemblance  between 
their  embryonic  stages.  They  seem,  as  it 
were,  to  travel  for  a  considerable  distance 
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along  the  same  road,  or  along  closely  parallel 
roads,  before  they  diverge,  each  on  its  own 
path  of  development. 

It  is  only  in  a  very  general  way  that  we  can 
accept  the  late  Professor  Milnes  Marshall's  i 
epigram,  that  the  inf^ividnal  climbs  np  its  j 
own  genealogical  tree:  yet  there  is  no  doubt  ^ 
that  the  development  of  the  individual  is  in 
aome  measure  interpyfj^table  as  a  condens^rl 
recapitulation  of  the  presiimed  rRn'a.l  evohi^ 
tion.  There  is  no  doubt  that  in  many  cases 
the  developing  embryo  pursues  a  strangely 
circuitous  path  instead  of  progressing  straight 
towards  its  goal,  and  the  only  light  that  we 
can  throw  on  many  instances  of  this  circui- 
tousness — when  it  is  not  adaptive  to  the 
peculiar  conditions  of  development — is  the 
light  from  the  past.  The  living  hand  of  the 
past  is  upon  th(;>  ei^bryo.  constraining  it  to 
follow  the  old  route  of  its  race,  and  often 
reasserting  its  power  in  trivial  details,  even 
when  a  considerable  short-cut  has  been  made. 

Thus  \^  the  development  of  every  repti1f>. 
^rd  and  mammal  there  are  re5^|d!^^^  ^^  g^^^■ 
QleftSi,  sometimes  imperfectly  opening,  which 
have  no  respiratory  significance  whatsoever,  ,^ 
which  can  hardly  be  said  to  be  of  any  use  at  | 
all,  except  that  the  first  one  becomes  thel 
Eustachian  tube  connecting  the  ear  with  the  ^ 
back  of  the  mouth.     There  is  no  known  inter- 
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pretation  of  these  except  as  recapitulations  of 
the  respiratory  apparatus  of  remote  aquatic 
ancestors. 

Everj^  one  is  familiar  with  the  bony  flat- 
fishes, such  as  plaice,  flounder  and  sole,  which 
have  an  asymmetrical  body  flattened  from 
side  to  side.  They  rest  and  swim  on  their 
right  or  left  side,  which  is  unpigmented,  and 
both  eyes  are  on  the  upturned  pigmented 
side.  Now  these  markedly  asymmetrical 
3si)effln  their  life  with  perfect  symmetry 
just  lik^  other  tishes.  They  retain  this  for 
some  considerable  time  and  live  near  the 
surface.  At  a  certain  stage  a  very  remark- 
able lop-sidedness  of  growth  and  alteration 
of  equilibrium  sets  in;  they  begin  to  sink 
towards  the  bottom,  the  eye  on  the  down- 
turned  side  travels  round,  or  even  in  part 
through,  the  margin  of  the  head;  in  short,  a 
metamor]ihosj,g}  occurs.  Different  natural- 
ists may  read  different  meanings  into  the 
word  "recapitulate,"  but  in  some  sense  it  is 
surely  true  that  these^at ,  fishes  recapitu- 
late m  their  early  d^v^lop^^^^^  ^hp  fnrm.^f 

syminetrical  a,nr(^.stor>s. 

We  have  already  referred  to  the  case  of  the 
baleen  whale,  which  has  two  sets  of  teeth  in 
embryonic  life.  They  never  cut  the  gum, 
they  are  absorbed  at  a  very  early  stage,  they 
are  not  of  the  slightest  use.    It  appears  to  us 
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that  in  the  inheritance  of  the  baleen  whale 
there  must  be  definite  "representative  par- 
ticles'*  corresponding  to  the  typical  mam- 
malian dentition,  that  they  are  still  strong 
enough  to  insist  on  some  expression  in 
development,  and  that  so  far  as  teeth  are 
concerned  the  whalebone  whale  is,  therefore, 
recapitulating,  obviously  in  much  condensed 
form,  an  ancestral  condition. 

A  fish  has  a  two-chambered  heart,  with  an 
auricle  that  receives  impure  blood  from  the 
body  and  a  ventricle  that  drives  it  to  the  gills. 
In  amphibians  the  auricle  is  divided  length- 
wise by  a  partition,  so  that  the  heart  becomes 
three-chambered.  In  reptiles  the  ventricle 
is  partially  divided  by  a  similar  partition,  and 
this  becomes  complete  in  the  case  of  the 
crocodile.  In  birds  and  mammals  the  heart 
of  the  adult  is  four-chambered,  with  two 
auricles  and  two  ventricles.  But  when  we 
inquire  into  t.hp  Hf^vplpptppnt  of  fh^  hf'P^^ 
pf  the  bird  or  of  the  mammal^^we  iSnd  a  series 
of  stages  which  are  in  ^  general  w^Y  parallel 
to  the  historical  evolutioi^  of  the  heart  as  w^ 
'^i£gL,it_r_^gii'^ti^T^^rl  in  the  .sur^f.^.^iv^  grpi^^g — 
fish,  amphibian  and  reptile.  The  same 
impl^sio^  IS  To  "Be  gained  from  a  study  of 
the  development  of  the  brain,  the  skull,  the 
kidneys,  and  other  organs.  It  seems  to  us 
impossible  to  deny  that  there  is  in  the  stages 
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of  organogenesis  fthe  developrnPTit,  of  org^ns^ 
some  sort  of  repetition  of  the  stages  in  the. 
evolutipn  of  oi^gaps.  The  embryo  of  a 
higher  Vertebrate  has  still  in  some  measure 
to  recapitulate  the  steps  taken  by  the  devel- 
oping embryo  of  a  lower  Vertebrate;  and 
though  we  may  say  that  this  is  an  architec- 
tural necessity,  that  the  end  could  be  reached 
in  no  other  way,  the  facts  seem  to  press  us 
to  go  further  and  say  that  something  in  the 
ii;]|ie.ritan(;^e.  which  is  due  to  h'teral  M^^d- 
relationship^compel;-;  the  repptitio^]^ 

ProTessor  T.  H.  Morgan  states  the  case  as 
follows: — "The  most  fundamental  difference 
between  the  view  of  von  Baer  and  modern 
views  is  due  to  our  acceptation  of  the  theory 
of  evolution,  which  seems  to  make  it  possible 
to  get  a  deeper  insight  into  the  meaning  of 
the  repetition,  that  carries  us  far  ahead  of 
von  Baer's  position.  For  with  the  accept- 
ance of  this  doctrine  we  have  an  interpre- 
tation of  how  it  is  possible  for  the  embryonic 
stages  of  most  members  of  a  group  to  have 
the  same  form,  although  they  are  not 
identical.  There  has  b^^^j^  a  continuous, 
although    divergf^nt,    ,gifrP5^Tn     of    h'viHg    rna- 

terial.  jcarrying    plmig—witli     it th/p    sub- 

^tance^^out  of  which  the  similar  QmhyyoTtjC 
form^  arf^  made.  As  the  stream  of  embry- 
onic material  divided  into  different  paths  it 
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^as  also  chanfred  m^Tjiy  of  tlie  details,  some- 
times  even  all;  but,  nevertheless,  it  has  often 
retained  the  same  general  method  of  devel- 
f^pmfTlt.  tt»ni-lg  ^ggnpiatprl  with  its  particular 
composition.  We  find  the  Hkeness,  in  the 
sense  of  similarity  of  plan,  accounted  for  by 
the  inheritance  of  the  same  sort  of  substance; 
the  differences  in  the  development  must  be 
accounted  for  in  some  other  way." 

In  thinking  of  the  repetition  or  recapitula- 
tion there  are  two  distinct  ideas  to  be  kept 
in  mind.  On  the  one  hand,  each  stage  "in 
embryonic  development  is,  as  Professor  His 
put  it  long  ago,   '"fche  physiological  conse- 

fij  ^Mm?(^  9^  ^^^  preceding  stage  n.nd  the  _neg£^- 
sarv  condition  for  the  following."  "If  the 
embryo  is  to  reach  the  complicated  end- 
forms,  it  must  pass,  step  by  step,  through 
the  simpler  ones."  On  the  other  hand,  the 
inheritance  of  a  living  creature  is,  in  some 
manner  that  we  cannot  image,  .a  condensa- 

n)  tion  of  ancpstral  initiatives  which,  are  piate. 
riallv  represented  in  fhe^.  Ijving  .<=}i^hstance  and 
<;>oTnpe1  the  developing  ^y^hryo  to^re-tread. 
tp_spme  extent  at  least,  the  path  taken  by 
ihe  embryos  oi^  its  ancestors. 

Let  us  take  the  particular  case  of  the 
notochord,  a  supporting  axial  rod,  present  for 
some  time  at  least  in  all  Vertebrate  embryos, 
and  always  arising  in  the  same  way  as  a  fold 
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along  the  dorsal  median  line  of  the  embry- 
onic gut.  In  a  few  old-fashioned  types,  such 
as  lancelet  and  lamprey,  there  is  no  backbone, 
but  the  notochord  persi.gits  thrmighmit  liff^. 
From  fishes  upwards  it  is  gradually  replaced 
in  development  by  the  backbone.  The  noto- 
chord does  not  become  the  hackhonp,  but,  i^ 
Replaced  by  it.  The  two  are  quite  diflFerent 
embryologically,  the  notochord  arising  from 
the  inner  germinal  layer  or  endoderm,  the 
backbone  arising,  like  the  rest  of  the  internal 
skeleton,  from  the  middle  germinal  layer  or 
mesoderm.  In  point  of  fact,  the  backbone 
deyeloDS  from  a  mesodermic  sheath  afoupd 
thf^  potochorr).  a  permanent  structure  around 
a  temporary  structure,  as  a  tall  tower  might 
be  built  around  an  internal  scaflFolding  of 
wood.  Now,  what  is  the  relation  between  the 
more  primitive  axis  or  notochord  and  its 
more  effective  substitute  the  backbone,  seeing 
that  the  former  does  not  become  the  latter.^ 
In  his  interesting  theory  of  ''the  substitution 
of  organs,"  Kleinenberg  suggested  1;.h^t  th^ 
notochord  .^^ViPph^^s  the  ,stimulT.^s.  the  neces- 
sarv  developmental  pnnditmn.  for  ^he  forma... 
tio^  of  the  bf^rkb^j]f!  when  suitable  materials 
are  forthcoming.  Of  course  we  require  to 
know  more  precisely  how  the  old-fashioned 
structure  prepares  the  way  for  and  stimulates 
the  growth  of  its  future  substitute,  but  the 
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g^eneral  idea  of  one  organ  l^nd^'^g  ^^  ^^  ^^- 
other  is  snfygf^stive.  It  is  consistent  with  our 
general  conception  of  development — that 
each  stage  supplies  the  necessary  condition 
for  the  next;  it  helps  us  to  understand  more 
clearly  how  new  structures,  too  incipient  to 
be  functional,  and  old  structures,  too  transi- 
tory to  be  of  direct  use,  may  persist;  in  short, 
it  makes  the  process  both  of  development 
and  of  evolution  more  intelligible.  But  to 
the  idea  of  the  architectural  utility  of  the 
notochord  as  a  piece  of  scaffolding,  we  must 
add,  unless  the  recapitulation  is  simply 
metaphorical,  the  idea  that  the  notochord  is 
laid  down  to-day  in  the  development  of  a 
higher  Vertebrate  because  of  a^  fflntfn^^Jty  of 
germinal  material  since  the  days  of  the  an- 
cestral forms  which  had  no  backbone  at  all. 
It  must  be  admitted  that  the  recapitulation 
doctrine  has  been  often  stated  in  somewhat 
crude  and  exaggerated  form,  so  that  many 
saving-clauses  are  necessary.  The  human 
embryo  is  never  like  a  little  fish  or  a  little 
reptile;  the  resemblance  is  between  embry- 
onic stages.  The  recapitulation  is  general, 
not  exact;  there  is  often  abbreviation  and  a 
masking  of  the  old  by  the  new.  On  the  one 
hand,  old-fashioned  features  may  drop  out, 
having  no  significance  either  in  embryonic, 
larval  or  adult  life;  on  the  other  hand,  many 
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new  features  have  been  added  on  as  adapta- 
tions to  novel  conditions.  The  recapitulation 
Is  seen  more  in  the  sta.gfes  in  the  development 
of  organs  than  in  the  de^vc^opment.  of  fh(-. 
organism  as  a  whole,  and  the  reason  for  this 
is  obviously  to  be  found  in  the  individuality 
or  specificity  of  every  creature.  Increased 
precision  of  embryological  work  discloses 
individual  characteristics  even  in  early  stages 
of  development;  indeed,  a  skilled  embryolo- 
gist  (exaggerating  a  little  in  his  turn)  has 
said  that  even  a  blind  man  could  distinguish 
embryos  of  the  duck  from  those  of  the  fowl 
as  early  as  the  second  or  third  day  of  in- 
cubation. The  developing  frog  is  in  many 
ways  like  a  developing  fish,  for  instance,  as 
regards  its  heart  and  circulation,  but  it  is 
none  the  less,  from  almost  the  very  outset,  an 
amphibian  and  nothing  else. 

It  must  also  be  frankly  stated  that  we  are 
apt  to  get  into  a  vicious  circle  in  arguing 
about  recapitulation.  We  infer  the  pedigree 
from  the  development,  and  then  say  that  the 
4£velQEmenjLre^^^  the4:t£idigi:ae.    But 

this  is  not  quite  so  bad  as  it  seems,  since  no 
racial  history  or  phylogeny  is  worth  consid- 
ering for  a  moment  that  does  not  show 
the  anatomical  aflBliation  of  actual  forms, 
whether  living  or  fossil,  and  embryological 
investigation  cannot  do  more  than  suggest 
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clues.  Again,  we  consider  the  circuitous- 
ness  of  the  frog's  Hfe-history  and  find  in  it  an 
evidence  of  the  reality  of  recapitulation.  We 
say  that  in  the  development  of  many  of  its 
organs  the  frog  repeats  steps_jwhich  were 
taken  by  the  fish  stock  fro^  w^^'^^  ^^^  rnr^ 
of  Amphibians  sprang.  We  then  use  this  as 
gne  of  ''the  evidences  of  evolution " — which 
we  have  already  assumed.  But  the  fallacy 
here  is  simply  that  we  cannot  directly  demon- 
strate  the  truth  of  the  doctrine  of  descent; 
we  can  only  bring  forward  facts  which  sug- 
gest  it,  and  which  it  serves  to  interpret. 

When  all  is  said,  then,  there  remains  good 
reason  for  keeping  firm  hold  of  this  idea, 
which  was  first  clearly  stated  in  its  full  evo- 
lutionary importance  by  Haeckel,  first  in 
his  notable  "Generelle  Morphologic,"  and 
later  in  his  more  popular  treatises.  This  he 
termed  the  ''fundamental  biogenetic  law'^ 
that  "Ontogeny,  or  the  clfiVplnprnPT^t  nf  fhf> 
individual,  is  a  shortened  recapitulation  of 
p^ylo^eny,  qv  the  evohitinn  nf  thf^  ^^^^  '' 

Even  apart  from  recapitulation,  we  must 
admit  the  suggestive  general  fact  that  the 
developing  organism  passes  through  a  series 
of  stages,  which  often  differ  from  one  another 
in  the  same  sort  of  way  as  related  species 
differ  from  one  another. 

Experimental  Evolution. — In  his  "  Nova 
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Atlantis/'  that  far-sighted  Utopia  of  sci- 
ence which  has  already  been  so  largely 
realized.  Bacon  suggested  that  experiments 
should  be  set  agoing  in  order  to  discover  ho:gr 
far  si^T-p9undju^s  can  affect  anf|  tr^nsiform 
living  creatures :  and  many  naturalists  have 
dreamed  of  and  pleaded  for  such  an  Institute 
of  Experimental  Evolution.  One  such  has 
lately  been  founded  in  the  United  States, 
the  precursor,  it  is  to  be  hoped,  of  many  in 
Europe.  "Since  Nature,"  said  Isidore 
Geoff roy  Saint-Hilaire,  "left  to  herself  never 
allows  us  to  witness  modifications  of  much 
magnitude  in  the  conditions  of  life,  it  is  clear 
that  only  one  way  is  open  to  us  if  we  wish  to 
perceive  such  modifications  and  to  examine 
their  effects  on  the  organism;  we  must  oblige 
Nature  to  perform  that  which  she  would  not 
.gpontaneously  accomplish."  Good  exposi- 
tions of  the  results  of  various  sets  of  experi- 
ments will  be  found  in  H.  De  Varigny's 
"Experimental  Evolution"  (1892),  and  more 
recently  in  T.  H.  Morgan's  "Experimental 
Zoology"  (1907);  and  we  cannot  here  do 
more  than  give  a  few  typical  illustrations. 
In  a  few  cases  it  has  been  found  possible 
to  induce  experimentally  what  may  be  called 
^cm  adaptive  response.  Thus  Professor  Poul- 
£r[ton's  beautiful  experiments  on  the  pupae  of 
^certain  butterflies  show  that  the  colour  of 
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the  chrysalid  is  affected  by  the  colour  of  the  j  ^ 
surroundings,  which  operates  in  some  mys-)^"^^ 
terious  way  through  the  skin.  When  the 
pupation  occurs  on  a  light  background  the 
chrysaKds  are  Hghter;  when  on  a  dark  back- 
ground the  chrysalids  are  darker.  This  is 
undoubtedly  an  advantageous  response,  for 
it  has  been  proved  experimentally  that  in 
natural  conditions  survival  depends  in  great 
^part  on  the  inconspicuousness  of  the  pupae 
jn  the  place  where  they  are  fastf^rifd- 

In  connection  with  experimentally  induced 
adaptive  responses  Professor  T.  H.  Morgan 
makes  an  important  note:  "It  is  remarkable 
how  rare  are  adaptive  structural  responses, 
when  we  recall  the  fact  that  adaptation  of 
the  organism  to  its  surroundings  is  one  of  its 
most  characteristic  properties.  The  poverty 
of  adaptive  structural  response  does  not 
encourage  one  to  look  to  external  agents  as 
having  brought  about  directly  the  structural 
adaptation  of  organisms  to  external  con- 
ditions, even  if  it  could  be  shown  that  such 
influences  are  inherited. " 

Many  naturalists  have  experimented  with 
the  pupae  of  butterflies  and  moths,  subjecting 
them,  for  instance,  to  unusual  conditions  of 
temperature,  and  many  very  interesting  re- 
sults have  been  reached.  In  cases  where 
there  are  distinct  summer  and  winter  adult 
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forms,  the  pupa  which  should  give  rise  to 
the  former  may  be  made  to  give  rise  to  the 
latter,  or  the  pupa  may  be  affected  by  cold 
or  by  heat  so  that  what  emerges  resembles 
not  the  local  form  of  the  species,  but  a 
northern  or  southern  variety.  Perhaps  the 
most  important  general  result  from  our 
present  point  of  view  is  that  ''the  differences 
effected  by  changes  in  the  environment  have 
^en  shown  in  some  cases  to  resemble  the 

kind  of  diff<^renr>ps  lliat  sppnrntp  sppmVs:  frnm 

f ach  Qthej.  ^^  This  is  suggestive  and  im- 
portant, though  it  does  not  by  any  means 
prove  that  species  have  arisen  in  this  way. 

Mr.  J.  T.  Cunningham   put   very   young\ 
flounders  in  an  aquarium  lighted  from  be- 
low, and  observed  that  as  they  underwent 
their  peculiar   metamorphosis   the  pigment 
first  disappeared   as  usual  from  the   down-  .  -^ 
turned  side,  and  then  (in  11  cases  out  of  13)**-* 
reappeared  under  the  unusual   stimulus  of 
light  from  below.    This  shows  that  the  normal 
absence  of  pigment  on  the  down-turned  side 
of  a  flat-fish  is  due  to  the  absence  of  the  light-/ 
stimulus  in  each  individual  case. 

Some  forty  years  ago  Schmankewitsch 
made  a  study  of  a  natural  experiment  that 
occurred  in  a  salt  lagoon  which  was  divided 
by  a  dam  into  an  upper  and  a  lower  part,  the 
latter  the  salter  of  the  two.    In  a  spring  flood 
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V 

in  1871  the  waters  of'  the  upper  part  swept 
over  the  dam  and  reduced  the  saKnity  in 
the  lower  part.  Thereafter  great  numbers  of 
a  tiny  brine-shrimp,  Artemia  saKna,  were 
observed  in  the  lower  part,  having  been 
presumably  washed  in.  After  a  time  the  dam 
was  repaired,  the  water  gradually  regained 
its  great  salinity,  and  the  brine-shrimps  in 
the  course  of  their  rapid  generations  lost  the 
well-developed  caudal  fins  characteristic  of 
Artemia  salina  and  became  like  another 
form  without  caudal  fins,  Artemia  mil- 
hausenii.  Passing  from  observation  to  ex- 
periment, Schmankewitsch  found  that  grad- 
ual concentration  of  the  water  led  to  the 
replacement  of  typical  forms  of  Artemia 
salina  by  forms  like  Artemia  milhausenii, 
and  he  also  showed  that  if  the  forms  without 
caudal  fins  were  kept  in  brine  which  was 
gradually  diluted,  a  pair  of  conical  promi- 
nences, each  with  a  bristle,  appeared  after 
some  weeks  at  the  end  of  the  tail.  Schman- 
kewitsch did  not  regard  the  change  he 
observed  as  a  transformation  of  one  species 
into  another,  and  it  seems  fairly  clear  that 
there  is  no  species  Artemia  milhausenii. 
What  he  did  show  was  that  alterations  in  the 
salinity  of  the  water  are,  in  the  course  of 
generations,  followed  by  slight  changes  in  the 
form  of  the  tail.    Bateson  and  others  have 
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shown  that  there  is  great  variability  in  the 
character  of  the  tail  and  bristles  of  Artemia 
salina,  and  that  the  tailless  form  is  connected 
by  intermediate  stages  with  the  fully  tailed 
typical  form.  A  careful  discussion  of  this 
freguently  misstated  case  will  be  found  in 
Bateson's  "Materials  for  the  Study  of 
Variation"  (1894). 

Direct  Evidence  of  Blood  Relation- 
ship.— Various  workers — J^Viedenthal.  Uhlen- 


luth  and  Nuttall — have  brought  forward 
experimental  evidence  of  blood-relationship, 
and  this  in  the  most  complete  and  literal 
sense.  Friedenthal  points  out  that  when 
the  blood  of  a  horse  is  transfused  into  an  ass, 
that  of  a  hare  into  a  rabbit,  or  that  of  an 
orang  into  a  gibbon,  or  that  of  man  into  a 
chimpanzee,  there  is  a  harmonious  mingh'ng 
of  the  two.  But  when  human  blood  is 
transfused  into  eel,  pigeon,  horse,  dog,  cat, 
lemur  or  "non-anthropoid"  ape,  there  is  no 
harmonious  mingling.  The  human  blopd 
serum  behaves  in  a  hostile  way  to  the  other 
l)lood^  causing  great  disturbance,  marked, 
for  instance,  by  the  destruction  of  the  red 
blood  corpuscles.  The  difference  in  the  two 
sets  of  cases  is  that  in  the  first  the  organisms 
are  closely  related,  in  the  second  they  are  not. 
Another  form  of  the  same  kind  of  experi- 
ment is  given  by  Uhlenhuth  and  Nuttall, 
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The  blood-serum  of  a  rabbit  which  has  had 
human  blood  injected  into  it  forms  a  precipi- 
tate with  human  blood.  It  forms  almost  as 
marked  a  precipitate  when  it  is  added  to  the 
blood  of  an  anthropoid  ape.  As  Schwalbe 
sums  up  in  the  recent  Darwin  centenary 
volume:  "The  reaction  to  the  blood  of  the 
lower  Eastern  monkeys  is  weaker,  that  to  the 
Western  monkeys  weaker  still;  indeed,  in 
this  last  case  there  is  only  a  slight  clouding 
after  a  considerable  time  and  no  actual 
precipitate.  The  blood  of  the  Lemuridse 
(Nuttall)  gives  no  reaction  or  an  extremely 
weak  one,  that  of  the  other  mammals  none 
whatever.  \y£;.l;^ave  in^this  not  only  a  proof 
of  the  litera.1  blood-relationship  between  man 
and  apes,  but  the  degree  of  relationship  with 
the  different  main  groups  of  apes  can  be 
determined  beyond  possibility  of  mistake.'* 
Man  as  Transformist. — It  is  time,  how- 
ever, to  pass  from  the  laboratory  to  the  breed- 
ing-pen and  experimental  plot,  to  recall  the 
very  striking  transformations  that  man,  by 
selective  breeding,  has  effected  in  his  domesti- 
cated animals  and  cultivated  plants.  Dar- 
win pointed  to  what  has  taken  place  in  the 
case  of  sheep  and  cattle,  cabbages  and  apples, 
and  a  score  of  other  cases,  and  pressed  home 
the  question:  If  Man  has  been  instrumental 
in  fixing  all  these  varieties  in  a  short  time. 
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what  may  not  Nature  have  eflfected  In  a  very 
long  time? 

There  are  over  Jj2^o_  hundred  very  well- 
marked  breeds  of  domestic  pigeons,  and 
there  are  at  least  ten  that  would  be  ranked 
as  distinct  genera  if  they  occurred  wild;  yet 
there  is  very  strong  evidence  that^^ll  ar^ 
sci^aSjStLjhe  blue  rock-dove,  Columba  livia. 
In  the  same  way  there  is  very  strong  evi- 
dence that  all  the  breeds  of  poultry — Ham- 
burghs  and  Dorkings,  Bantams  and  Silk- 
fowl,  and  all  the  rest  of  them,  are  descended 
from  the  jungle-fowl,  Gallus  bankiva,  still 
found  wild  in  some  parts  of  India  and  the 
Malay  Islands.  Since  the  canary_Ha&--in- 
troduced  into  Europe  about  the  middle  of  the 
sixteenth  century,  over  a  dozen  very  dis- 
tinctive races  have  been  established:  and  of 
course  varieties  for  "the  fancy"  without  end. 

It  is  a  remarkable  fact  that,  in  spite  of 
the  accuracy,  assiduity  and  collecting  ac- 
quisitiveness which  characterize  botanical 
systematists,  we  know  very  Ijt^^^  ^^^^  ^^ 
quite  certain  about  the  pedigrees  of  culti- 
vated plants.  As  De  Vries  says:  The  origin 
and  history  of  the  greater  part  of  our  garden 
flowers,  fruits  and  vegetables  are  obscure; 
we  see  them  as  they  are,  and  do  not  know 
whence  they  came.  The  original  habitat 
for  a  whole  genus  or  for  a  species  at  large  may 
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be  known,  but  questions  as  to  the  origin  of 
the  single  forms  of  which  it  is  built  up  or- 
dinarily remain  unanswered." 

But  in  spite  of  obscurities  as  to  origin,  the 
evolution  of  cultivated  plants  is  still  going 
on  before  our  eyes.  Whether  we  visit  the 
nearest  country  flower-show,  or  admire  from 
enchanting  distance  Mr.  Burbank's  latest 
creations — the  "primus  berry,"  the  "phe- 
nomenal berry,"  the  "Bartlett  plum,"  the 
spineless  cactus,  and  the  rest,  or  see  the 
Mendelian  experimenters  positively  manipu- 
lating the  inheritances  of  our  cereals,  we 
cannot  doubt  that  we  are  in  the  presence  of 
evolution  in  actual  process. 

It  is  necessary,  however,  to  point  out  that 
the  results  of  Mendelian  experiments  have 
somewhat  modifieHTour  view  of  what  man  is 
able  to  achieve  in  the  way  of  establishing  new 
breeds.  In  many  cases  it  seems  as  if  hew;ei;e 
only  assisting  in  the  unpacking"  of  the 
e^dtremely  complex  inheritance  of  the  wild 
type7  Tt  may  seem  that  new  peculiarities 
are  emerging,  but  in  many  cases  what  is  being 
effected  is  a  process  of  analysis  and  of  selec- 
_tion.  There  seems  to  be  no  doubt,  for 
instance,  that  the  colour-varieties  of  the  do- 
mestic rabbit  are  but  analyzed  in  varying 
measure  and  mixture  from  that  beautiful 
synthesis  of  hues  which  we  see  in  the  wild 
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rabbit.  As  similar  analytical  varieties  prob- 
ably occur  in  Nature,  the  facts  of  domesti- 
cation may  retain  their  position  among  the 
^'evidences  of  evolution,"  though  our  in- 
terpretation of  many  of  them  is  being  altered 
by  the  Mendelians. 

In  this  case,  and  throughout  all  considera- 
tion of  "evidences,"  it  must  be  remembered 
that  the  evolution  idea  cannot  be  logically 
demonstrated.  It  is  not  a  simple  induc- 
tion from  particulars,  thoroughly  as  particu- 
lars support  it.  It  is  a  way  of  looking  at  the 
becoming  of  things;  and  it  is  the  only  sci- 
entific modal  interpretation  that  has  been 
suggested.  ^t_is  a  formula  that  fits  the  facts, 
and  all  the  facts  it  fits  are  its  '"evidenc^." 


CHAPTER   III 

GREAT   STEPS   IN  EVOLUTION 

Evolution  a  great  Succession  of  Achievements — The  Begin- 
nings —  Protoplasm  and  Organisms — Characteristic  Fea- 
tures of  Living  Creatures — Origins  among  the  Protozoa — 
The  Protists— Plants  and  Animals— The  Cell-Cycle— The 
Beginning  of  a  Body — Beginning  of  Death — The  Origin 
of  Sex — The  Beginnings  of  Brains — The  Beginnings  of 
Behaviour — Progress  along  many  Lines — The  Ascent  of 
Vertebrates — The  Ascent  of  Man — Evolution  as  Retro- 
gressive— Deterioration  and  Parasitism. 

^VOLUTION  A  Great  Stk^^jp^sstok  oth? 
Achievements, — It  is  impossible  to  appre- 
ciate-our  own  human  position  aright  unless 
we  see  it  in  the  light  of  history.  We  must 
think  of  the  distant  stone  ages — when  man 
made  weapons  of  chipped  flints  and  then  of 
polished  stone;  of  the  prehistoric  metal 
ages  that  followed — when  man  made  weapons 
and  utensils  of  copper,  of  bronze,  and  then 
of  iron;  and  of  the  gradual  growth  of  civil- 
ization along  many  lines.  We  are  so  famil- 
iar with  the  result  that  we  are  apt  not  to 
think  enough  of  the  long  succession  of  achieve- 
ments— each  a  great  event  in  human  history. 
It  is  one  of  the  uses  of  a  museum,  provided 
it  be  on  evolutionary  lines,  like  the  Pitt 
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Rivers  Museum  at  Oxford,  to  give  us  de- 
tailed pictures  of  the  state  of  things  in  age 
after  age.  We  must  have  a  series  of  human 
skulls,  a  series  of  weapons — a  series  of  every- 
thing that  has  evolved. 

Similarly,  no  one  can  adequately  appre- 
ciate a  fully-formed  creature,  whether  an 
oak  tree  or  the  bird  on  its  branches,  a  frog 
or  an  eel,  a  butterfly  or  a  starfish,  ^ho  does 
liot  know  the  stages  of  its  individual  develop- 
TTiPTit,  from  the  fj-pparent  simplicity, jQf_±he 
fertilized  eg£;-cell  onwards.  Looking  down 
from  the  summit  of  a  pass  which  it  has  taken 
us  all  day  to  reach,  we  see  the  village  in  the 
valley  from  which  we  started  at  daybreak, 
and  it  seems  like  a  great  stone's-throw  off. 
The  dips  and  ascents,  turns  and  twists,  of 
our  path  are  all  lost  to  sight;  only  those  who 
have  walked  over  it  know  what  the  climb 
has  really  been.  So  it  is  with  a  retrospect 
on  evolution. 

It  is  an  easy  thing  for  us  to  say  that  the 
world  of  life  we  see  around  us  to-day  has 
evolved;  with  equal  ease  our  grandparents 
said  that  it  had  been  created.  But  it  is 
incumbent  on  the  able-minded  to  give  to  this 
doctrine  of  descent  a  solid  body  of  fact,  so 
that  they  may  realize  something  of  the 
grandeur  and,  let  us  add,  of  the  difficulty  of 
the  proposition.     In  other  volumes  of  this 
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series  the  student  will  be  helped  to  fill  in 
some  of  the  details  of  the  evolution  chart, 
thus  Dr.  Scott  deals  with  the  pedigree  of 
Plants,  Professor  Gamble  with  Animal  Life, 
Dr.  Keith  and  Mr.  Marett  between  them 
with  man;  what  we  propose  in  this  chapter 
is  to  indicate  in  a  general  way  a  few  of  the 
great  steps  in  Organic  Evolutiom 

The  Beginnings. — Until  the  earth  cooled 
and  consolidated  it  was  quite  unfit  to  be  a 
home  of  life.  It  follows  that  at  some  un- 
certain, but  inconceivably  distant  date,  living 
creatures  appeared  on  the  scene.  The  ques-i 
tion  is  :  What  was  the  manner  of  their  be-1  S^*^ 
coming  upon  the  previously  tenantless  earth.^^J 
Our  answer  must  be  that  we  do  not  know. 
But  to  obviate  worse  answers  we  may  submit 
two  or  three  suggestions. 

iLmay  be  that  ff^rr"*^  ^f  1^'f^  i^pmp!  to  one. 
earth  embosomed  in  meteorites.  This  was 
the  suggestion  of  Richter,  Helmholtz  and  ^ 
Lord  Kelvin.  But  it  is  difficult  to  conceive 
of  anything  like  the  protoplasm  we  know 
surviving  transport  in  a  meteorite. 

Some  authorities  who  have  found  satisfac- 
tion in  the  meteorite- vehicle  theory  have  also 
suggested  that  life  is  as  old  as  matter.  It 
must  be  noted,  however,  that  the  life  we 
know  is  always  associated  jrith.^ 
plex  substances  known  as  proteids,  which 
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are   more   like   termini   than   beginnings  in 
material  evolution. 

It  may  be  that  what  we  call  ^^iving'^ 
evolved  in  Nature's  laboratory  from  what^ 
ye  call  "'not-living/'  for  though  prolonged 
experiments  have  led  biologists  to  adhere 
dogmatically  to  the  dictum  "'omne  vivum  q 
viyo,^'  thisjgjiot  inconsistent  with  supposing 
that  spontaneous  generation  occurred  in 
favourable  conditions  very  long  ago,  Ver- 
worn  has  elaborated  a  suggestion  due  to  the 
great  physiologist  Pfliiger  (1875),  that  the 
cyanogen  radical  fCN)  may  have  been  tl^e 
starting-point  of  the'^proteid  molecule  which 
^the^essgTTLtip.]  part  of  fhe.  physirn.]  basis  of 
life.  As  cyanogen  and  its  compounds  arise 
in  an  incandescent  heat  when  the  necessary 
nitrogenous  compounds  are  present,  they  may 
have  been  formed  while  the  earth  was  still 
aglow;  with  their  property  of  ready  decom- 
position they  were  forced  into  correlation 
with  various  other  compounds  likewise  due 
to  the  great  heat;  when  water  was  precipi- 
tated upon  the  earth  these  compounds  en- 
tered into  chemical  relations  with  the  water 
and  its  dissolved  salts  and  gases,  and  thus 
originated  extremely  labile,  very  simple,  un- 
differentiated living  substance,  which  per- 
haps fed,  as  Sir  Ray  Lankester  has  suggested, 
upon  "antecedent  steps  in  its  own  evolution." 
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It  must  be  noted,  however,  (1)  that  al- 
though the  synthetic  chemist  can  now  manu- 
facture artijficially  such  natural  organic  prod- 
ucts as  urea,  alcohol,  grape  sugar,  indigo, 
oxalic  acid,  tartaric  acid,  salicylic  acid  and 
caffeine,  hp  has  not  yet  eqme.  near  the  ^xti- 
^ficial  synthesis  of  proteids;  (2)  that  we  are 
^  at  a  loss  to  suggest  what,  in  Nature's  as  yet 
very  hypothetical  laboratory  of  chemical 
synthesis,  could  take  the  place  of  the  direc- 
tive chemist;    and  (8)  that  there  is  a  great 

fi;ap    be^^W^^Tl     Tvinl^inpf    nrp^a.mV    TTiRtter    auii 
T;naki'n^  an  or^nism. 

It  is  plain,  therefore,  that  the  doctrine  of\ 
the  origin  of  the  living  from  the  not-living 
cannot  be  held  at  present  with  a  clear  or 
easy  mind,  yet  we  must  admit  that  as  an 
hypothesis  it  is  in  harmony  with  the  general 
trend  of  evolutionary  theory.  If  facts  ac- 
cumulate which  make  the  hypothesis  a  ten- 
able interpretation,  it  will  not  in  any  way 
affect  the  dignity  and  value  of  living  crea- 
tures, nor  of  our  own  life.  If  the  dust  of  the 
earth  did  naturally  give  rise  to  living  crea- 
tures, if  they  are  in  a  real  sense  born  of  her 
and  the  sunshine,  then  the  v/hole  world  be- 
comes more  continuous  and  vital,  and  all  the 
inorganic  groaning  and  travailing  becomes/ 
more  intelligible. 

Protq£]jAhm  and  QBgAfflaaa^.^=dijgejgMp 
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up  in  a  tumbler  some  white  of  egg,  some 
yolk  of  egg,  some  casein  from  milk,  and  so 
on,  we  have  got  a  mixture  of  proteids,  one' 
excellent  to  feed  protoplasm  with,  but  we 
have  not  got  protoplasm  itself.  Our  tum- 
bler-mixture is  only  a  fortuitous  concourse 
of  proteids;  whereas  pxptoplasm  is  an  in- 
ifi^ate  of  proteids,  perhaps  with  fats^and 
amyloids  as  well — a  fortunate  combination  of 
molecules  in  instable,  even  mobile,  yet  en- 
during_eqiiih'hrinin 

It  is  probable  that  the  potency  of  living 
matter  is  in  part  an  expression  of  the  com- 
plex inter-relations  of  the  diverse  proteids 
and  other  substances  of  which  it  is  com- 
posed. No  single  substance  may  mean  very 
much,  but  in  combination  they  are  irresis- 
tible. Indeedwemay  compare  protoplasm 
to  a  successful  IISq  which  owes  its^ucceasJLo 
g.n  unusually  fortunaie_cpmJ3ination  of  part- 
ners—of inventive,  organizing,  administrat- 
mg,  pushing,  competitive  and  other  geniuses ! 

But  there  is  something  more.  JThejBrm 
works  as  a  unity,  and  this  is  its  essential 
secret.  It  is  unified  from  within,  whether 
by  a  common  purpose,  or  by  the  predomi- 
nant will  of  its  leading  partners,  or  by  some- 
thing of  both.  And  the  organism  has  like- 
wise its  secret,  its  internal  unity,  which  we 
are  still  far  from  understanding. 
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Characteristic    Features    of    Living 
I    pREATURES. — The  chemjsts  tell  us  that  the 
»  physical  basis  of  life  always  includes  pro- 
teids  and  similar  highly  complex  substances, 
and  that  the  process  of  living  involves  ^n 
Intricate  series  of  combustions  and  fermen- 
tations and  reconstructions,  many  of  which 
can  be  imitated  outside  the  body  altogether 
and  expressed  in  chemical  formulae.     On  the  I 
other  hand  we  cannot  give  a  chemical  de-l 
scrip tion  of  any  complete  vital  function,  or 
of  any  activity  of  the  living  creature  as  a 
whole — and  unless,  as  the  Germans  say,  we 
throw  away  the  baby  with  the  bath,  we  can- 
not ignore  the  most  salient  fact,  that  all  the 
manifold  chemical  processes  are  correlated 
and  controlled  in  a  unified.  hehaviQur,  in  a   ^*-^ 
p_ur£osive  agency.     Even  the  amoeba  is  no 
fool. 
£/«^The  p]iy«iVi«t«  tell  us  that  the  living  crea- 
ture resembles  some  wonderful  kind  of  en-  i 
gine;    ij  Js   a   material   svstem.  adapted    to  ' 
'    transform  matter  ^•^(]  f^nergy;    and  it  illus- 
trates in  its  living  a  number  of  well-known  f  ^^ 
physical  phenomena,  of  surface-tension,  of 
diffusion,    of   elasticity,  of   hydrostatics,  of ; 
thermodynamics,  of  electricity,  and  so  on. 
At  the  same  time  it  has  to  be  admitted  that 
/  not  even  the  simplest  vital  activity,  such  as 
(the  passage  of  digested  food  from  the  ali-)/^. 
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mentary  canal  into  the  blood-vessels,  can  be 
completely  described  in  terms  of  physical 
formulae.  The  fact  is  that  when  we  add  up 
the  components  revealed  by  chemical  and 
physical  analysis,  they  do  not  amount  to 
the  whole  resultant  which  we  see  in  a  vital 
action,  even  of  a  simple  sort. 

Tt  IS  ipdeed  profitable  to  compare  ajiving 
creature  to  a  machine,  anJ  a  fertiTe  method 
of  discovery  to  press  this  comparison  to  its 
hardest.  Yet  th^  Jiving:  organism  difers 
fjom  a.ny  machine  in  its  frre^.t^r  effirieurv; 
and  especially  in  this,  that  fh^  transfer  of 
^Tierpy  jnto  it  is  attended  with  effects  coq- 
Hnny^  to  further    transfer    nnH    retnrHntivP 

X^A  oL-dissijiatian.     Again  in  this,  that  it  is  aj 
j^   self-stoking,  self-repairing,  self -preservative  J 

%y     >,^ -gelf-adiusting,      ^gfilfiiciea^g,      self-r^prQ7 
ducing  engine!     And  this  also  must  be  re- 

J/^  membered   in  comparing   a  living   creature 

and  a  machine,  that  the  latter  is  no  ordinary 
jJ^         sample   of   the   inorganic   world.     It   is   an 
elaborated  tool,  ah  extended  hand,  and  has 
inside  of  it  a  human  thought.     It  is  because  i 
of  these  qualities  that  highly  complex  ma- 
chines come  to  be  so  like  organisms.     But^ 
no  machine  profits  by  experience^  ;^nr  trades / 
with  time  as  organisms  dp.     Therefore  it  is! 
that  the  formulae  that  serve  to  describe  the 
activity  of  a  machine  will  not  suffice  for 
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living  creatures  which  demand  an  historical 
explanation. 

When  we  leave  the  chemical  and  physical 
standpoint,  and  look  at  the  living  creature  as 
f.^  biologists,  we  recognize  four  chief  character- 
istics—^growth,  cyclical  development,  effec- 
tive Response.  f).nd  unjfif^d  beha.vio,ur.  The 
living  creature  grows  after  a  fashion  all  its 
own,  not  as  a  rolling  snowball,  by  mere 
accretion,  but  by  a  unifying  incorporation; 
not  even  as  a  crystal  grows,  at  tEe  expense 
of  dissolved  material  chemically  the  same  as 
itself,  ^7ut  at  the  expense  of  material  different 
from  itself.  Again,  it  has  a  cyclical  develop-. 
ment,  from  egg-cell  to  seedling,  from  seed- 
ling to  beanstalk;  from  egg-cell  to  tadpole, 
from  tadpole  to  frog;  it  shows  an  orderly, 
correlated ^  regulated  succession  of  events, 
which  leads  from  apparent  simplicity  to 
obvious  complexity;  but,  as  Huxley  puts  it, 
"'no  sooner  has  the  edifice,  reared  with  such 
exact  elaboration,  attained  corapletene^, 
than  it  begins  to  crumble.''  Inanimate 
objects  have  a  certain  power  of  response  to 
external  stimuli,  as  a  piece  of  potassium 
shows  when  thrown  on  a  basin  of  water,  but 
the  responses  of  a  living  creature  in  normal 
surroundings  are  effective,  self-preservative, 
usually  making  for  betterment.     Lastly,  the 

lj:nng  ^:r?atiirf  hR«  ^,  pprsist^nt  ipn'f^fd  h^- 
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havlour,  a  power  of  profiting  hy  evperienne. 
^a_nrea.tive  capanity  rs  r  gpmijne  agent. 

Origins  among  the  Protozoa. — It  is  well 
over  two  centuries  since  the  Dutch  micro- 
scopist,  Leeuwenhoek,  exhibited  to  the  Royal 
Society  of  London  some  of  those  unicellular 
animals  or  animalcules  which  we  now  call 
Protozoa — the  Fellows  present  signing  an 
affidavit  that  they  had  really  seen  the  mi- 
nute creatures.  This  was  the  beginning  of  a 
study  which  has  been  extraordinarily  fertile 
in  itself  and  in  its  bearing  on  other  lines  of 
research.  As  has  become  so  emphatic  re- 
cently, the  study  is  one  of  enormous  practi- 
cal importance  to  man,  sincf^  ^some  nf,JJia\ 
most  terrib]p  Hi'sfaiSf.s,  «^^^h  as  foakxia  and 
sleeping  sickness,  are  due  to  Protozoa,  but 
the  study  is  also  of  fundamental  theoretical  j 
importance.  For  the  Protozoa  give  us,  so 
to  speak,  a  natural  analysis  nf  thfi  Hem^^^tis 
which  compose  the  higher  anima;ls:  the 
phases  of  their  life-cycles  are  sometimes 
echoed  in  the  cellular  variations  of  man  him- 
self; a  few  of  them  seem  to  linger  in  a  state 
of  relative  simplicity,  approximating  to  that 
which  must  have  characterized  the  true 
Protozoa,  or  first  animals;  they  are,  as  it 
were,  permanent  germ-cells  which  never 
get  beyond  the  ovum  and  sperm  stage;  and 
they  show  us  the  beginnings  of  division  of 
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labour  and  its  structural  aspect  which  we  call 
differentiation,  the  beginnings  of  sex  and  of 
reproduction,  the  beginnings  of  a  body  and 
of  death.  "Protozoology,"  as  it  is  quaintly 
called  nowadays,  is  a  fascinating  study  in 
origins. 

The  Protists. — It  is  useful  to  retain 
Haeckel's  term  "Protists"  for  those  simplest 
^f  all  ]i ving  c^efltnr^s.  whinh  lie  at  the  ha'sf>  of  I 
the  V-shaped  tree  of  h'fe.  showing  ^^  dpfinitp  1 
Has  towards  distinctively  pla,nt  or  di>stinctr.l 
jyely  animal  characteristics.  How  far  re- 
moved even  these  simplest  of  the  simple  may 
be  from  the  first  living  creatures  we  do  not 
know,  but  they  have  remained,  as  it  were, 
in  chronic  indecision,  neither  clearly  plants 
nor  animals.  In  studying  them  we  are 
brought  face  to  face  with  one  of  the  great 
steps  in  evolution,  and  one  of  the  earliest — a 
dichotomy,  like  many  other  great  steps — the 
parting  of  the  ways  between  plants  and 
animals. 

Plants  and  Animals. — We  have  all  grown 
up  with  our  minds  coloured  by  the  childish 
game  of  '^AmInal,  Vegetable  QjL-Miiecal.^" 
and  in  too  many  schools  they  still  teach  that 

^Jiiis^is^  a_ juxYiving_£nxu:--of--the-a4ebemis 
continued   by   the   early   encyclopaedists   of 
nature,  but  broken  down  by  Linnseus,  who 


%y^ 
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clearly  discerned  that  there  are  only  twoj 
the  1iviT7g-  and  thp  nnnJiViT^gr,,  the  truly  organ- 
ized and  the  merely  aggregated.  Hence  in 
his  immortal  "System  of  Nature"  he  unites 
\  Animalia  and  Vegetabilia  as  Orgam'sata.  and 
2.  separates  Mineralia  as  Conserta.  True,  he 
falls  somewhat  from  this  again,  witness  his 
famous,  but  very  fallacious,  aphorism — / 
"Minerals  grow;  Plants  grow  and  live; 
Animals  grow,  live  and  feel";  yet  the  great] 
distinction  of  life  is  not  lost  sight  of. 

Since  Claude  Bernard,  more  than  a  genera- 
tion ago,  wrote  his  famous  book,  "Pheno- 
menes  de  la  vie  communs  aux  animaux  et 
aux  vegetaux,"  it  has  been  recofynized  fhf^.t 
the  beech-tree  feeds  and  grows,  <jigests  and 
^   breathes,  as  reallv  as  does  the  squirrel  on  its 
branches;  that  in  regard  to  none  of  the  main 
functions    (except    excretion,    which    plants 
have  little  of)  is  there  any  essential  differ- 
ence;   and  that  plants,  though  for  the  most 
part,  as  it  were,  asleep,  give  many  striking 
/  illustrations  of  their  power  of  movement  and 
I  their  irritability. 

We  must  remember  also  t]iat  plarnt,^  and 
gm'mal^s^  are  ah>Pi  ip  fundamental  architec- 
,turf^j^  being  built  up  of  cells  and  various  mod- 
ifications of  cells.  And  there  is  a  third  deep 
resemblance,  that  when  we  trace  a  beech- 
tree  or  a  squirrel  back  to  its  individual  begin- 
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ning  we  find  fi  ff^ff\]\zex\  e^^-oell.  which 
divides  and  re-divides,  the  body  of  the  plant 
or  animal  being  built  up  by  continued  divis- 
ion, arrangement  and  differentiation  of  cells. 
But  important  as  these  resemblances  be- 
tween plants  and  animals  nrp,  thf^  Hivprgpnof^ 
i^  very  profound  and  expresses  one  oLlhe 
^reat  cleavages  in  evolution. 

It  came  about  through  the  invention  o£ 
chlorophyll  bv  some  Protists — a  chemical 
and  physiological  achievement  of  the  highest 
magnitude,  wlnVK- Tnf^,r|^  fhf^  h'fe  ^f  plants 
possible,  and^  through  them,  that  of  animals 
and  man.  In  the  complex  "  photo-synthesis '' 
by  which  plants  build  up  complex  carbon- 
compounds  from  the  raw  materials  of  water, 
air  and  earth,  chlorophyll  plays  an  indispen- 
sable part.  The  still  widely  prevalent  ig- 
norance of  this  fundamental  process  of  the; 
living  world  is  perhaps  the  greatest  example;  - 
of  the  slowness  with  which  the  discoveries! 
of  science  become  generally  recognized. 

/"     Most  plants  derive  the  carbon  they  require  \ 
from  the  carbon  dioxide  of  the  air,  while 
only  a  few  (green)  animals  have  this  power; 
all  the  others  depend  for  their  carbon  supplies 
on  the  sugar,  starch,  fat,  etc.,  already  made^ 

\by  other  animals  or  by  plants.  As  regards 
nitrogen,  most  plants  take  this  from  nitrates 
and  the  like,  absorbed  along  with  water  by 
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the  roots;  whereas  aninials  ohtflin  t.Tieir 
nitrngpnmi,^   ,^1ipp1ip«  frnm    fhf-  nni^pj^x  prO- 

ieids.  formed  within  other  organisms.  Most 
plants,  therefore,  feed  at  a  lower  chemical 
level  than  do  animals,  and  it  is  characteristic 
of  them  that,  in  the  reduction  of  carbon 
dioxide  and  in  the  manufacture  of  starch 
and  proteids,  t^f^  IrinQtiV  onnv^y  r>f  .sunlight. 
^?  trf^^^fo^Tned  hy  the  ^^'v^'^fl  ^nttpr  int^  th^ 

poteT7tia1    ph<^^i<"^^    pnprgiz^nf   pnmplpv   fnnri, 

staffs.  Animals,  on  the  other  hand,  get  their 
food  ready-made;  they  take  the  pounds 
which  plants  have,  as  it  were,  accumulated 
in  pence,  and  they  spend  them.  For  it  is 
characteristic... of  animals  that  t^py  pvpln- 
sivply  ro^yert  the^p^ntp.ntjq^^^^  ^^,^^gy 

of  foodrStuffs  into  thP-kinptir>  f^rie^y  of  lop-n-. 
finnyiKn    anH    ntVipr    nntiTnfinr        In    sEort,    the 

great  distinction — an  average  one  at  best — 
is  that  most  animals  are  more  active  than 
most  plants. 

Changing  the  point  of  view  a  little,  we  may 
notice  that,  because  of  their  mode  of  nur 

JLcitlpn^  typ^Val  animak  grp  hmmrl  tn  V^ 
^£^}y?i   ^^d    1on<^TpotO^   pjthpr   in    whn1fi->xtfi~-ki 

paci-  Similarly  we  may  say  that  the  plant- 
cell,  by  shutting  itself  up  in  a  wall  of  cellulose, 
instead  of  fully  oxidizing  this  substance, 
and  perhaps  also  by  less  efficient  elimination 
of  nitrogenous  waste,  doomed  itself  to  fixity 
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and  to  sleep.  Yet  something  of  the  animal 
impulse  of  the  ancestral  Protists  lingers  in 
the  plant,  and  something  of  the  vegetative 
tendency  of  the  ancestral  Protist  lingers  in 
the  animal. 

We  have  dwelt  for  a  little  on  this  ele- 
mentary question  of  the  distinctions  between 
plants  and  animals,  because  it  is  the  funda- 
mental illustration  of  a  bifurcation  that  h^s 

T^c^^rrf^H    Tnany    times    in     thp    <i volutiofl  ^ 

Eying  creatures.  Living  implies  two  great 
processes — of  repairing  and  wasting,  of  build- 
ing up  and  breaking  down,  of  construction 
and  disruption — more  technically,  of  ana- 
bolism  and  katabolism.  Given  a  typical 
plant  and  animal  of  equal  weight,  both  living 
normally,  we  might  safely  say  that  the 
animal  live.^  much  more  TiparlY^  up^JjCLJis 
income  than  fl^p  plant  dops.  If  we  express 
the  vital  ratio  of  anabolism  to  katabolism 

A 

as  —  for  the  plant  and  -  for  the  animal,  we 

A  . 

may  safely  say  that  —  is  always  much  greater 
-K 

a 
than   -•     In    the   plant   the   numerator   is 

always  large  in  proportion  to  the  denomi- 
nator. In  the  animal  there  is  a  relative 
preponderance  of  katabolic  processes.    Thus 
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at  point  after  point  in  the  history  of  organ- 
isms the  evolving  Proteus  has  had  to  face 
the  alternatives  of  two  possible  regimes 
precisely  corresponding  to  the  alternative 
between  Plant  and  Animal  in  the  earliest 
days. 

The  Cell-Cycle. — When  we  take  a  sur- 
vey of  a  representative  set  of  unicellular 
organisms — amoebae,  foraminifers,  sun-ani- 
malcules, infusorians,  gregarines,  and  simple 
algae  and  fungi  as  well,  we  reach,  almost  by 
inspection,  a  rough  and  ready  tripartite 
classification  into  very  active  and  very  pas- 
sive forms,  with  amoeboid  forms  midway.  At 
one  extreme  are  the  highly  active  infusorians, 
such  as  the  widely  diffused  free-living  slipper- 
animalcules,  or  the  widely  diffused  parasitic 
trypanosomes  (one  of  which  causes  sleeping- 
sickness);  at  the  opposite  extreme  are 
quiescent  forms,  in  which  the  life  seems  to 
sleep;  bpt;WPffl  thf^  ^^^  ^^^  mrmpboid  formg^ 

h^yp  pynlvpH  niong  q  ^r]>.  rppdfa — a  COm- 
p^f^Tnfqp  bptwppn  pytrfmp  flptivity-a.nrl  p.y- 
^renifi  pa,»^.siYit,y> 

If  we  go  deeper  than  mere  inspection  and 
study  the  life-history  of  the  very  simplest 
forms,  such  as  some  of  the  primitive  Proteo- 
myxa  and  Myxomycetes,  we  get  a  new  light 
on  our  classification.  For  in  these  life- 
histories  we  find,  for  instance,  that  amoeboid 
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forms  become  encysted,  that  the  encysted 
stage  gives  rise  to  active  flagellate  spores, 
and  that  these  sink  down  again  into  amoebae. 
The  three  chapters  in  the  life-history  of  the 
simplest  forms  are,  as  it  were,  prophecies  of 
each  of  the  three  groups — Inf usorians,  Rhizo- 
pods,  and  Gregarines.  Iq  other  words,  the 
most  primitive  organisms  pass  through  a^ 
cycle  of  three  phases,  one  of  which  is  ac- 
cented by  each  of  the  three  main  groups  of 
Protozoa.  And  while  each  main  group  is 
characterized  by  one  dominant  phase  of 
cell-life — flagellate,  amoeboid  or  encysted — 
there  are  often  transient  hints  of  other  phases. 
An  inf usorian  may  have  its  encysted  chapter, 
a  gregarine  its  amoeboid  stage,  and  a  rhizopod 
may  begin  as  a  mobile  flagellate  spore;  for 
each  group,  while  accenting  one  phase  of 
the  cycle,  retains  reminiscences  of  the  others. 
The  conviction  that  the  triple  division 
really  means  much,  grows  stronger  when  we 
pass  from  the  unicellulars  to  the  cells  that 
compose  the  higher  animals.  For  they,  too, 
may  be  rationally  classified  along  the  three 
great  lines.  There  are  active  ciliated  or 
flagellate  cells  in  most  animal  types — the 
flagellate  cells  of  sponges,  the  "flame-cells" 
of  the  lower  worms,  the  ciliated  epithelium 
lining  our  air-passages,  being  three  familiar 
illustrations.     The   white  blood   corpuscles 
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are  obviously  comparable  to  amoebae.  Pas- 
sive encysted  cells  are  illustrated  in  some 
forms  of  connective,  skeletal  and  fatty  tissue. 
Thus  the  physiological  classification  of  the 
Protozoa  is  verified  in  the  histology  of  the 
higher  animals,  and  is  further  corroborated 
in  the  study  of  their  diseases.  In  a  certain 
kind  of  "sore  throat"  the  ciliated  cells  of  the 
windpipe  sink  into  an  amoeboid  phase,  echo- 
ing a  normal  change  in  the  life-history  of  the 
simplest  Protists.  The  young  ovum  is  often 
amoeboid,  the  mature  ovum  is  encysted;  the 
typical  spermatozoon  is  flagellate,  but  there 
are  some  exceptional  amoeboid  forms.  Fi- 
nally, the  same  cell-cycle  is  not  only  recog- 
nizable in  the  reproduction  of  the  lower 
plants,  but  is  plain  in  the  higher  cryptogam, 
and  vestigial  in  the  flower.  And  the  deep 
significance  and  historical  importance  of 
the  lines  of  differentiation  indicated  by  the 
cell-cycle  become  more  evident  still  when  we 
recognize  that  the  f]^ree.  pha<=;e?^  correspond 
to  the  three  possibilities  of  r<^lative1y  pre- 
ponderant  ^pfl.bo1i,sm^  relatively  predom- 
inant katabolism,  and  a  compromise. between 
these  two. 

The  Beginning  of  a  Body.— The  simplest 
organisms  are  single  cells  physiologically 
complete  in  themselves;  they  leave  off  where 
higher  creatures  begin,  that  is  to  say,  in  a 
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unicellular  st^tp;  j^^fjfy  f]o  not  form-^lKi^^i^ag'^ 

t^ptwppn  singlf^-ppllpii  and  many-pel  led  organ- 
isms. It  is  very  interesting  to  inquire  into 
the  beginning  of  a  "  body."  What  are  the 
possibihties? 

We  know  of  some  simple  units  that  have  a 
habit  of  coalescing  into  composite  masses,  of  t 
others  in  which  the  nucleus  divides  over  and 
over  again  within  the  cell  so  that   pinlti--». 

nnnlpatP  orgaT^j.^T^,^  f^,fp  formpd,  and  of  otherS 

again  that  break  their  definition,  and  do  their 
best  to  get  beyond  the  unicellular  state,  by 
\  forming  loose  colonies.  It  was  prnha.bly  ^'^ 
tViP  tVifi^d  Qf  fliPgA  wgy,s  thpt  b^dy-making 
be^an.  Certain  simple  organisms,  unable 
fully  to  complete  that  division  into  two  or 
more  separate  units  which  normally  occurs 
at  the  limit  of  growth,  bridged  what  Agassiz 
called  "the  greatest  gulf  in  organic  nature." 
It  was  perhaps  through  some  weakness  that 
the  daughter-units,  formed  by  division  ol 
the  mother-cell,  remained  associated,  instead 
of  drifting  apart  in  individual  completeness. 
But  out  of  this  weakness — if  weakness — 
strength  arose,  the  strength  of  animals 
with  a  body. 

Beginning    of   Death. — In    a    startling 
phrase — the  immortality  of  the  Protozoa — 
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Weismann  called  attention  to  the  fact  that 
imiceUular    organisms    are    not    subject    to 

TiRitiirn]  denth  in  the^ame  degrf,e  a.^  higher 
finJTT>a.1s  fl.rp.  They  may  be  killed,  of  course, 
in  many  ways,  but  they  do  not  normally  die. 
/Even  against  microbic  infection  many  of 
i/lthem  seem  proof;  they  digest  the  virulent 
intruders,  as  do  the  phagocytes  which  form 
our  body-guard.  But  the  point  is,  that  in 
natural  conditions,  where  inter-crossing,  for 
instance,  is  readily  feasible,  they  appear  to 
be  exempt  from  that  natural  death  which 
in  the  higher  organisms  is  due  to  the  slow 
mounting-up  of  physiological  arrears. 

How  is  it  that  these  simple  pioneer  organ- 
isms are  exempt  from  the  penalty  all  other 
flesh  is  heir  to.f^  The  answer  is  twofold.  On 
the  one  hand,  being  relatively  very  simple, 

in  a  strict  sense  witjipnt  r  ''body'' — thpy  arpi 

able  to  su.^t4in  with  persisteT]t,  sil<"^^^^s  the 
yital  pq^]f^tir7|]  f^ptwppn  wf^g^P  and  repair .  On 
the  other  hand,  their  common  n^ode  of  repro- 
duction^ by  dividing  into  two  or  more  units, 
IS  inexpensive  and  not  attended  with  any  loss 
of  life.  jFor  although  f}}e.  ^'T^dividijf^l  A  dis- 
appears jij)  giving  ri.^p  to  K  and  C,  its  dangh- 
ter-cells,  we  c^n  hr^rdly  pp'^^^^  ^^  d<^^th  when 
there  is  no^^^hi^g  ¥f^^  ^^  bnry  On  the  one 
hand,  we  reach  the  idea  that  death  was  the 
price  paid  for  a  body;  on  the  other  hand. 
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we  see  that  in  the  simplest  forms  of  life  im- 
mortality has  not  even  yet  been  pawned  for 
love. 

The  Origin  of  Sex. — Jn  many  of  the  uni- 
cellular organisms  tjiere  is  a  kind^of  sexual 
reprof^iirt.ion,  ^'n  the  sense  that  two  cells  fuse 
tiO  bf^<"r>Tnp  npp  just  as  ovum  and  sperma- 
tozoon do  in  higher  creatures.  In  many 
cases,  moreover,  the  two  cells  which  fuse  are 
dimorphic,  as  is  well  illustrated  in  the  bell- 
animalcule,  Vorticella,  where  a  small,  active, 
free-swimming  (we  may  say  male)  cell  unites 
with  a  fixed  individual  of  full  size,  which 
may  be  called  female.  This  is  one  line  of 
approach  to  the  origin  of  sex,  and  it  may  be 
noted  that  the  male  and  female  cells  illus- 
trate the  antithesis  we  have  already  discussed 
between  relatively  more  anabolic  and  rela- 
tively more  katabolic  types. 

The  next  stage  in  the  problem  is  to  account 
for  the  familiar  fact  that  in  almost  ^^1 
organisms  with  47<;^dips  thp.re  are  spepin.1 
repf^^^^ctiye  cells,  or  germ-cells — ova  and 
spermatozoa — quite  distinct  from  the  or- 
dinary body -cells.  This  is  an  economical 
mprpvement  oa  th^  method  of  starting  a 

pg;:gL.li£6.by  a  sCTiial,  ov^^r-^yQ.w.tbi-QiLJ^^'S 

liberation  of_bud^.  Moreover,  the  peculiarity 
of  true  germ-cells  is  that  they  do  not  share  in 
building'^up   the  .llbody/     and   that   they 
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rptairf  a.p,  or^ayiizfl.tion  r()ntinuous  in  quality 
with  the  original  fferm-cell  from  wh\ch  t.ha 
^Qarent^rose.  They  are  thus  not  very  liable 
to  be  tainted  by  the  mishaps  which  may  befall 
the  "body"  which  bears  them.  And  again, 
in  the  life-history  of  the  germ-cells,  and  in 
the  mingling  of  two  of  them  of  different 
experiences  in  fertilization,  thgre  is  appar- 
ei^tly  opportunity  for  new  organic  pp^Tnnta,-. 
tio|]^^  and  roTT^hiTiRtions  — vp^ri^tJOT^r'^^  1^  ,^|iort. 
Perhaps  there  is  some  subtler  advantage 
still  in  the  process  which  ensures  that  each 

n£a^^JiJfeJls.^^lly..,.b1^gi]ft§  in  a  ttnifiQaUon  qI 
t.wo  inhmt,f^,ncf^>s. 

The  third  aspect  of  the  problem  is  that 
ynos^;.  multicellular  organisms  are  rrif^^^'^^  ^^ 
females.  The  former  liberate  male  elements, 
which  are  usually  actively  motile;  the  latter 
form,  and  usually  liberate,  more  passive  egg- 
cells  or  ova.  Tn  t^|]e  ]f>wer  ren.ohe{=;  ^f  the 
animal  kingdoTTi  tll^r^  J^  seldoTn  much  differ- 
ence between  males  and  feffi^,\fis!  indeed,  it  is 
often  impossible  to  distinguish  the  two  sexes 
without  a  microscopic  examination  of  the 
reproductive  organs.  It  is  obviously  at  this 
level,  and  not  with  the  highly  specialized  sex 
dimorphism  of  peacock  and  peahen,  ruff  and 
reeve,  lion  and  lioness,  man  and  woman, 
that  the  problem  should  be  first  studied. 

The   problem   is   partly   solved   by   con- 


GREAT  STEPS  IN  EVOLUTION      89 

^sidering  the  simplest  expressions  of  the  sex- 
difference,  as  we  see  it,  for  instance,  in 
Volvox,  an  interesting  colonial  Infusorian, 
which  well  illustrates  a  body  in  the  making. 
It  is  a  beautiful  rolling  ball  of  ciliated  cells, 
and  these  component  units  are  connected 
by  protoplasmic  bridges.  From  the  ball  of 
cells  reproductive  units  are  sometimes  set 
adrift,  which  divide  to  form  other  colonies 
without  more  ado.  But  in  other  conditions, 
when  nutrition  is  checked,  a  less  direct  mood 
of  reproduction  occurs.  Some  of  the  cells 
in  the  ball  become  large,  well-fed  elements 
—  tlie^OJiLa;  others,  less  anabolic,  fade  from 
green  to  yellow,  divide  and  re-divide  into 
many  minute  units — the  spermatozoa.  The 
large  cells  of  one  colony  are  fertilized  by 
the  small  cells  from  another.  Here  we  see 
the  forrqation  of  dimorphic  reproductive 
cells  in  different  parts  of  fhf-.  samf^  organisTn. 
But  we  may  also  find  Volvox  balls  in  which 
only  ova  are  produced,  and  others  in  which 
onlv  sperms  are  produced.  TJie  former  seem 
to  he  more  vegptatiYe  f^nrl  nutritive  than 
Lhp  la^^t^^:  we  call  them  female  and  male 
organisms  respectively;  we  are  at  the  founda- 
tion of  the  differences  between  the  two  sexes. 
Again  we  would  state  our  thesis  that  all 
through  the  animal  series,  from  active  Infu- 
sorians  and  passive  Gregarines,  to  feverish 
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Birds  and  sluggish  Reptiles,  we  read  alter- 
natives or  antitheses  between  activity  and 
passivity,  between  liberal  expenditure  of 
energy  and  a  more  conservative  habit  of 
storing.      This    primarily    depends    on    the 

ratio  between  ^ii^rUP^^'^^^  rirninbpliV)  prnppgg^q 

and  constructive  (anabolic)  pronessps.  and 
^^^  ^^Cnrd  the  sf^ps  ^^  ovpr^ggi'Qps  (>f  th^ 
game  contrast  within  a  given  sp^^ci^g.  And 
do  not  kindred  yet  contrasted  forms,  like 
goat  and  sheep,  wasp  and  bee,  butterfly  and 
moth,  seem  as  it  were  but  the  extreme  ex- 
pression of  the  same  individual  and  sex 
contrasts  carried  farther,  upon  the  plane  of 
species,  of  genus,  of  order,  or  of  class? 

According  to  this  view  thfi  deep  constjtu- 
fjon^,]  Hiffpy-^rK^ft  hf^tw^^^  ^^^  ^^^^  ^^^  ^^ 
female  organism,  which  makes  of  the  one  a 
sperm-producer  and  of  the  other  an  egg-pro- 
ducer, is  due  t^  ^p  initial)  diffprf^npp  m-£b^ 
Jbalance  of  chernical  c]ianges.  The  female 
seems  to  be  relatively  the  more  construc- 
tive, whence  her  greater  capacity  for  organic 
sacrifices  in  mate^rnity;  the  male  relatively 
the  more  disruptive,  whence  his  usually  more 
vivid  life,  his  explosive  energies  in  action. 
Jn  s>|ort,  the  sexe<={  express  a  f^in  da  mental 
difference   it;1    thp.   rhythm    of    mptabnlf^m^ 

This  initial  difference  not  only  leads  to  the 
primary  functional  distinction  between  male 
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and  female,  but  it  also  determines,  either 
from  the  start,  or  after  maleness  and  female- 
ness  have  been  partly  established,  what  par- 
ticular expression  will  be  given  to  a  whole 
series  of  secondary  characters,  —  both  struc- 
tural and  functional,  —  whether  a  masculine 
or  a  feminine  expression. 

The  Beginnings  of  Brains. — In  most 
sponges  and  coelenterates  (such  as  jelly-fish, 
sea-anemones  and  coral  polyps)  the  body 
has  radial  symmetry.  That  is  to  say,  it  is 
the  same  all  round,  it  has  no  right  nor  left,  it 
can  be  cut  into  symmetrical  halves  along 
many  different  vertical  planes.  ThlV?  ^J^fl  ^^ 
symmetry  is  well  suited  for  sedentary  life> 
like  that  of  sea-anemones,  which  wait  for 
food  to  come  within  the  scope  of  their  sting- 
ing and  grasping  tentacles;  or  for  an  easy- 
going life,  like  that  of  jelly-fishes,  which  live 
in  the  very  uniform  environment  of  the  open 
sea  where  all  directions  mean  very  much  the 
same. 

For  conditions  of  more  active  and  strenu- 
ous life,  however,  where  it  is  important  to 
chase  the  food,  to  flee  from  enemies,  to  pur- 
sue mates,  and  so  on,  radial  symmetry  is 
unsuitable,  and  it  is  replaced  by  bilateral 
symmetry.  This  acquisition  of  head  end  and 
tail  end,  of  right  side  and  left  side,  was  doubt- 
less of  enormous  importance,  both  in  itself 
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and  in  Its  consequences,  which  include  our 
knowing  our  right  hand  from  our  left. 

Itjs^likelv  that  certain  ''  worms  "  were  the 
first  flnimflls  dpfinite]y  t.^  abandon  thejuore 
primit.]vf^  radial  ,sym^^^^yi  to  begin  moving 
with  one  part  of  the  body  always  in  front,  to 
acquire  head  and  sides.  And  if  one  end  of 
the  body  constantly  experienced  the  first 
imprf^sion.s  ^^  pytpmal  obp^cti^i  it  seem^ 
reasonable  to  suppose  that  sensitive  and  ner- 
vous cells  would  be  most  developed  in  that 
much-stimulated,  and  otherwise  over-edu- 
cated, head  region.  But  a  brain  alwavs 
arises  frojT]  \hf,  sinking  in  of  ectodermic  cells 
frftm  t^^^  fgnrfapp  nf  tliP  Pmbryn^  and  its  be- 
ginning in  the  cerebral  ganglion  of  the  sim- 
plest "worms"  is  thus  in  part  explained. 
It  is  diflScult  to  over-estimate  the  importance 
of  the  establishment  of  an  anterior  brain  — 
achief  motor  and  sensory  and  co-ordina±ing 
T^jiy^-r^^^^^  —  and  the  consequent  evolution 
of  a  head. 

The  Beginnings  of  Behaviour.  —  Jen- 
nings has  shown  that  some_unicelhjXar.» ani- 
mals '"behave"  in  a  very  definite  way.  They 
are  n^t  me££,autnmRta  which  rush  about  as 
long  as  their  spring  keeps  unrolling,  and  they 
are  more  than  the  merf^  ^h^^^  ^^  stim^^his. 
There  are  some,  it  is  true,  which  seem  to 
have  only  one  kind  of  reaction  to  every  kind 
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of  stimulus,  only  one  answer  to  every  ques- 
tion, but  there  are  others  whose  behaviour 
is  at  a  higher  level,  illustrating  what  may  be 
called  'Lthe  method  of  trial  and  error/'  They 
"try"  one  kind  of  reaction  after  another, 
until,  in  some  cases,  they  give  the  effective 
response. 

But  while  we  cannot  doubt  that  t]ia-h£r 
ginnin^y.^  ^f  bf^hPiYim^^  ^^^  ^^  ^^  ^^und  i^  ^^h^ 
HnDiSiZQSL,  new  possibilities  must  have  opened 
up  whenever  head-brains  were  established. 

For  thi,q  nent.raJi'^iTig  fxi  tVip  nprvm^<;f  ^^ystpm 
must  have  meant  a  npw  I'ntegra.ti^p,,  a  more 
unified  control,  of  the  whole  organism. 

We  cannot  attempt  to  summarize  the 
discernible  steps  in  the  evolution  of  beha- 
viour, but  we  wish  to  press  home  the  fact  that 
what  we  are  so  familiar  with  to-day  is  the 
long  result  of  time.  We  see  behaviour  rising, 
along  one  line,  to  its  wonderful  instinctive 
expressions.  We  see  it  rising  (whether  fur- 
ther or  along  another  line  is  still  under  dis- 
cussion) into  intelh'p^ent  expr^g.^iion  wh^r^ 
there^is  perceptual  inference.  Finally,  in 
jnam  with  his  conceptual  inferences,  intel- 
ligent J^ehavioiF  heeomes  rational  conduct. 

Progress  along  many  Lines.  —  In  his 
interesting  "Evolution  of  Plants,"  Dr.  Scott 
refers  to  the  important  fact  that  at  a  time  so 
remote  as  the  Devonian  period,  when  there 
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were  no  h^oTcTionef^  ^niTT^aTs  Tii^Tipr  than 
fishes,  fl.  very  ihigh  level  of  nrrrpipj^^^f^'r^p  V|^r| 
been  reached  by  the  plants.  There  were  in 
those  days  ferns  and  horsetails,  club-mosses 
and  Pteridosperms,  and  many  other  plants  of 
high  degree;  what  has  happened  since  has 
been  specialization  rather  than  great  ad- 
vance. It  is  true  that  the  fern-like  Pteir- 
dosperms  gave  rise  to  the  world-wide  Meso- 
zoic  Cycadophytes,  and,  in  still  later  times, 
to  the  true  Flowering  Plants,  but  there  was 
no  ^reat  new  organic  invfntinn  ]]]^(^  fV^^  ^^ 
the  seed,  for  which  the  flower  is  but  the  pro- 
tean birth-robe.  .Since  that,  progress  has 
been  in  the  intensive  colonization  of  the 
earth  and  in  detailed  adaptatipns.  vegeta- 
tive and  floral,  manifold  and  exquisite. 

In  thinking  of  this,  we  must  remember,  in 
the  first  place,  that  while  the  Devonian 
period  is  inconceivably  remote,  there  was  an 
equally  inconceivable  stretch  of  ages  before 
it,  during  which  there  must  have  been  many 
a  great  step  among  plants  as  well  as  among 

animals.       In   tjl^  Sf^nnnrl   p1nr>P^   tliP  f^nt   tVi':t4- 

plants  have  made  no  such  yf^y  g^^^t  advance  I  ^ 
i^^'^nS.,t]l^ T^^YOTif?^  period,  wjiereas  animals | 
have  risen  by  stride  after  stride  to  higher  and 
higher  levels  of  organization,  is  congruent 
with  the  deep  contrast  between  plants  and 
animals  to  which  we  have  already  referred. 
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It  is  not  merely  that  plants  in  their  struc- 
tural rpjptinng  rptn^jn  ^hout  the  leVCl  of 
r;np]entera.  among-  animals!  it  is  that  thev 
are  on  ^J\  pntirply  riiffprent  line  of  evolntinn. 
Plants  and  animals  are  incommensurable  and 
antithetic.  , 

If  we  take  a  series  of  sedentary  animals, 
such  as  zoophytes  or  alcyonarian  corals,  we 
find,  as  in  plants,  a  wealth  of  variety  within 
narrow  range,  an  exhausting  of  the  possi- 
bilities of  ramification  and  colony-making,  a 
great  development  of  hard  supporting  parts, 
and  many  nice  adjustments  to  slight  environ- 
mental peculiarities.  They  and  the  plants 
have  a  similar  kind  of  beauty — expressing  the 
dream-smiles  of  their  sleep-like  life. 

How  different  this  is  from  what  we  see 
among  the  free-living  animals  —  which  made 
one  important  step  after  another.  Keeping 
to  backboneless  animals  for  the  moment,  let 
us  notice  some  of  the  great  acquisitions — 
bilateral  symmetrv.  jJheMJbjain,  .spfcjalizPifl 
sensf-organs.  a  bodv-cavitv,  Hi  sfgrnent^d. 
hodv.  muscular  feet,  a  renewable  external 
armour,  muscular  ioirft^d  appendng-ps.  and  so 
on.  Or  let  us  think  of  particular  cases  such 
as  the  extraordinary  development  of  the  res- 
piratory system  in  insects,  where  ramifying 
tubes  carry  air  to  every  nook  and  cranny  of 
the  body,  so  that  the  blood  can  hardly  ever 
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become  Impure,  and  a  climax  of  vital  activity 
is  attained.  The  story  of  the  evolution  of 
Invertebrates  is  a  succession  of  great  achieve- 
ments. Among  Vertebrates  they  were  even 
greater. 

The  A^<^ent  of  Vertebrates. — It  is  a 
profitable  exercise  to  draw  a  long  ascending 
slope,    with    perpendiculars    dropped    from 
various  points  to  the  base  line,  registering  the 
evolutionary  ascent  of  Vertebrate  animals. 
What  are  the  impressive  facts?     (1)  Life  has. 
been  creeping  or  pressing  upwards  for  many  j 
millions  of  years.     (2)  Great  specializations  ( 
occur  at  every  levels  but  there  is  also  beyond  ^v^' 
doubt   a-prnfyre,g;,sive   Hifferf^nti^tjon   and  j^"      "^ 
},pgrfltio7i.      (3)  This  is  particularly  true  of 
the    nervous    system,    and    is    of    course    a 
condition  and  expression  of  the  gradual  in- 
crease of  intelligent  behaviour.    Life  becomes 
richer  and  freer.    (4)  Increased  indiyiduation 

^fji^g_!ni!l?JJ^*"tiYf  <^<^onoTny  possible. .  v^- 

yental  care  increases,  ^pd  the  mip^bf r  ^f  ^^' 
spring  decreases.  Ther£i_is_ai)  emerp-ence  of 
the  fine^,  ff^flings.  and  fondness  is  sublimed 
in  love.  (5)  There  has  been  an  interesting 
peopling  of  the  earth,  an  establishment  of 
faunas  distinctive  of  the  shore,  the  open  sea, 
the  deep  sea,  the  fresh  waters,  and  the  air. 
Amphibi^Bs  ^(irk  the  important  transition 
from  water  tq  dry.lai^^:    the  ancient  Ptero- 
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dactyls  mark  the  mastery  of  the  air  in  which 
Birds  and  Bats  are  now  most  at  home.  But 
hardly  less  impressive  is  the  possessing  of 
every  nook  and  corner.  Many  a  species  has 
only  a  niche,  but  it  is  its  own.  (6)  Following 
from  the  masterful,  detailed  colonization  of 
the  heavens  and  the  earth  and  the  waters 
under  the  earth,  there  is  the  wealth  of  con- 
^<^iiTnimgtp  ad  a ptf^  tion — of  a  creature  to  its 
surroundings,  to  its  food,  to  its  habits;  of  the 
unborn  young  to  the  mother  and  of  the 
mother  to  the  unborn  young;  of  the  sexes  to 
one  another;  and  of  the  internal  architecture 
of  the  body,  whether  in  the  fit  adjustment  of 
the  proportions  of  parts,  or  in  the  minute 
structure  of  a  bone."  Every  creature^i^  a 
bundk,.  of  adfiptg^tiQIJLS^  Indeed,  as  Weis- 
mann  says  of  the  whale,  "When  we  take 
away  the  adaptations,  what  have  we  left  ?  " 
It  is  instructive  to  look  into  the  matter  in 
detail,  and  to  notice,  for  instance,  what  types 
made  particular  acquisitions.  Tfng  fi^h^^ 
^iAd^--tft«aj2J:ay^XJ^yclc)^sJ^^  were  the  first 
animals  YfxXh  ^jf^dls!  fi^he^  w^re  fij:&t^jadth 
^aws;  amphibians  ^ainej  fingers  j^p 4^ toes. 
true  luncrs.  a  voice,  and  a.  mobjlp  t/ij^np; 
i:qa4jIes^fi^rst,^sfaQ\Y  the  important  antenatal 
robes  (or  foetal  niembranes)  called  the  amnion 
and  the  allantois,  and  tiie  crocodile  w^s  the 
first  creature  with  a  four-chambered  heart ; 
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birds^and  mammals  are  the  only  warm- 
Flooded  animals,  and  they  show  a  great 
heightening  of  brain-development;  in  r11 
mnmmals  f^xgept  a  fewprimitive  forms  there 
is^n  ext^remely  importfl.T]t  and  usually  pro- 

mother  aiirl  tViP  ipih^rTI  Y^^^^ 

The  Ascent  of  Man. — As  this  final 
achievement  of  Vertebrate  evolution  will  be 
discussed  by  Dr.  Arthur  Keith  in  a  special 
volume  of  this  Library,  we  need  not  do  more 
than  refer  to  a  few  points  of  general  evolu-. 
tionary  interest. 

The  real_distinctiveness  of  man^from  his 

I  njRflT^s|''al][]es  deperuTs  917,  his  poweFof  buila- 

I   jng  ]^p  gewf^ynl  ideas  and  of  contrnlh'uffliTg 

\  {'n^^ucl  \r}  j'e]^XhT\  ^^  ideals.     He  has  many 

structural  peculiarities,  it  is  true,  but  the 

d.iff^'Outiating    qualities    arg^in    language, 

;tjj,pught  an^  conduct,  and  in  the  finer  brain 

associated  withjb^^e. 

The^5esceiit  of  Man''  is  the  expansion 
of  a  chapter  in  the  "Origin  of  Species."  In 
other  words,  the  .evidences  of  man's  origin 
frpni,  nn  anopg^ral  type  comnion  to  him  and 

,tiO  ^llbi^^^^tjji^fe  tlie_K^^^^^L^^^^^^^^  ^^  d^ 
sgfijijL    As  Owen  allowed  long  ago,  there  is  an 
*' all-pervading  similitude  of  structure"  be- | 
tween  man  and  the  anthropoid  apes;    the 
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bodily  life  is  closely  similar;  the  human  body 
is  a  rich  collection  of  vestigial  structures; 
some  of  the  fossil  remains  are  nearer  the 
anthropoid  type;  rna.n'sf  individual  develop- 
mentjs  in  some  ways  like  a  recapitulation  of 
his  presumed  ancestral  history. 

1  iiere  is  a  fine  ring  in  the  closing  words  of 
*'The  Descent  of  Man":— 

"We  .mmd: — howf^yer^  acknci^wl^dffl.  as  it\ 
seems  to  me,  tjipt  man^  with  all  his  noble 
qualities,  with  sympathy  which  feels  for  the 
most  debased,  with  benevolence  which  ex- 
tends not  only  to  other  men,  but  to  the 
humblest  living  creature,  with  his  God-like 
intellect  which  has  penetrated  into  the  move- 
ments and  constitution  of  the  solar  system — • 
with  all  these  exalted  powers — man  s1;ill 
bfiirn  in  hi'i  hndily  frvimf^  thf"  indrlihif?  ntnmp 
of  hitS  ^^^^^y  ^ng}"^  '^ 

Man's  antiquity  is  to  be  measured  not  in 
centuries  but  in  millennia.  It  is  perhaps, 
150^000  years  since  he  used  stone  weapons  ;n 
fiurope  against  m^|y)ynnt>i  ^]^f]  ][:l^j^222£llL^j 
hyaena  and  lion,  and  these  weapons  were  not 
the  work  of  novices.  No  fossil  remains  of 
manji^t3^been  found  except  in  Posl-Tertiary 
(Diluvial)  deposits,  but  tliere  are  several 
reasons  for  believing  that  his  origin  was  very 
much  earlier.  Thus,  for  instance,  it  is  cer- 
tain that  he  did  not  arise  from  any  of  the 
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knowiij,nthroDoid  apes  (gorilla,  chimpanzee, 
orang  and  gibbon),  but  from  a.  stnf>V  pr^inmnTi 
toJiiem  ftnd  to  him;  therefore  it  is  likely  that 
the  hiiinan^  stocky  had.,,dj verged  jbef ore  the 
jim<^  w^f^T^  X^ anthropoid  apes  are  known 

t^  h^^^  ^^^r  Pstf^b^^^V'^^  ^^  ^  Histinpf  farmTy, 

namely  in  the  Miocene. 

It  is  possible  that  man  ^£Qgg  jg^ajputation, 
as  an  anthropoid  genius  m  Ihort,  but  tEe 
factors  that  led  to  his  emergence  are  all 
unknown.  We  must  remember,  however, 
that  the  gtock  of  Priraates  to  which  he  is 
zoologically  affiliated  Js  markedly  ffl'eat  in- 
telligence, and  that  we  find  illustrated 
amongst  them  some  v^iy  significant  habits — 
of  walking  half  erect,  of  using  sticks  and 
stones,  of  building  shelters,  of  living  in  fami- 
lies, of  co-operating  in  bands,  and  of  talking 
a  good  deal.  Tpjie^^nthropoid  apes  are  not 
social,  but  many  monkevs  are,  and  there 
can  be  nttle  doubt  that  man  was  from  the 
first  distinctively  social.  "'Man  did  not 
♦       mak^society ;   society  made  man. 

•  The  uncertainties  as  to  man's  pedigree^ 
and  antiquity  are  still  great,  and  it  is  unde-* 
niably  difficult  to  discover  the  factors  in 
his  emergence  and  ascent.  Therefore,  while 
holding  firmly  to  the  general  conclusion  to 
which  the  facts  all  point,  we  do  well  to  treat 
the  problem  with  all  reverence,  especially 
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when  we  reflect  on  the  greatness  of  the  re- 
sult of  this  last  great  step  in  organic  evolu- 
tion. For  "What  a  piece  of  work  is  a  man! 
How  noble  in  reason !  how  infinite  in  faculty, 
in  form  and  moving  how  express  and  admir- 
able! in  action  how  like  an  angel!  in  appre- 
hension how  like  a  god!  '* 

A  chapter  can  merely  hint  at  the  great 
steps  in  evolution,  and  we  must  leave  the 
reader  to  develop  the  subject.  For  this  is 
certain  that  we  cannot  appreciate  the_  fact 
pf__  evolution,  or^forma^uqd  judgryepi^,  in 
regar^to^  its  lactors.  un|^i=i,s  w^^fK;^]^  of  tb^ 
ageJong  process  in  some  detail  and  recognize 
at  oncethe  "gtanSeur  and  the  difficulty  of 
each  of  its  greater  uplifts. 

Evolution  as  Retrogressive:  Deteri- 
oration AND  Parasitism. — Of  "Degenera- 
tion: a  chapter  in  Darwinism,"  Sir  Ray 
Lankester  many  years  ago  wrote  a  whole 
volume,  compact  yet  readable:  still,  even 
to-day,  the  old  optimism  of  political  progress 
too  largely  colours  the  public  mind;  so, 
despite  knowledge  and  care,  all  save  the  most 
pessimistic  of  us  tend  sometimes  to  speak, 
and  it  may  be  even  write,  as  if  evolujian 
necessarily  implied  progress,  and  as  if  the 
syrviymg^lStlest  were  also  th^Jbest,  in  its 
ordi^ayy  seni=;e^_of  better  t^an  mere  good. 
Hence  the  need  of  frankly  facing  some  of 
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those  ugl;^  chapters  of  natural  history  which 
follow  tEe  dlecjiiiQ  of  so  many  forms  of  life, 
gyen  hif;h  an(|  hpflj^tfjf^l^  OP^'^-  ^^^^  HRggnpra- 
finn,g|    ^(:^]]-nigVi     innrpHiKI^      intn  ..parngitigTng 

pvpTi  loftt];^,^g}nmQ  For  one  thing,  even  the 
most  thoroughgoing  creationist  and  Paleyan 
of  old  must  have  had  some  qualms  in  ascrib- 
ing the  intricacies  of  parasitism  to  special 
creation,  or  its  pains  and  enfeeblement,  so 
varied  and  so  widespread  among  all  the 
higher  animals,  to  beneficent  design;  thus 
the  evolutionary  parasitologist  has  had  it 
practically  all  his  own  way,  yet  has  also 
y^  cured  us,  with  his  gruesome  lists  of  pestif- 
erous creatures  and  lurking  dangers,  of  that 
dream  of  this  as  the  best  of  all  possible  worlds 
to  which  a  too  facile  evolutionism  has  been 

wont  to  incline.  %^pr^iVg  of  all  rgprmPr^nF 
prrnups^    hp   show];   ^]g^    TYif^.y   f;^11    jnto   parasi- 

iisu\j  the  simplest  bacteria  and  lower  fungi, 
the  more  active  and  long  supposed  innocent 
Protozoa  above  all — so  that  for  a  generation 
past  the  vast  field  of  pathology  has  seemed 
well-nigh  divided  between  bacteriologist  and 
parasitologist  proper.  "LLis  amgpg  the  Vgr- 
te)jra.tps.    whiVh    (^nly  ,fQ^}|  into  pnrasitism_i]L 

the  rarest  i^ses.  JJiat  Jnfestation,  is^jjaosA 
frequent.  Fishes  may  even  swarm  exter- 
nally  with  trematodes  and  parasitic  crus- 
taceans, internally  with  cysts  and  intestinal 
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worms  without  number.  A  vivid  impres- 
sion of  the  prevalence  of  parasitism  is  afforded 
by  the  capture,  not  infrequent  at  a  chan- 
nel zoological  station  or  by  fisher  folk  any- 
where, of  the  ,huge  and  majestic  sunfish, 
(jjikj^gnrispng  mv)l«  *  and  by  picking  off  with 
forceps  into  museum  bottles  his  crowds  of 
UBinYited^asaeiigers — the  tuft  of  barnacles 
upon  his  back,  the  biting  isopods  like  enor- 
mous fleas  upon  his  skin,  the  trematodes 
sucking  like  leeches  upon  his  eyes;  and  within 
to  find  not  only  his  alimentary  canal 
crammed  with  worms  more  than  with  food, 
and  his  liver  changed  from  its  natural  brown 
almost  into  the  likeness  of  a  tangle  of  white 
worsted,  of  which  each  thread  |is  a  tapey 
worm.  Neither  fro^  nor  lizard^  serpent  nor 
birjj^  escapes:  indeed  birds  are  peculiar  suf^ 
ferers,  witness  the  too  common  "gapes"  of 
poultry,  a  choking  of  the  windpipe  by  thread- 
worms, and  the  numerous  parasitic  worms 
which  Mr.  Shipley's  labours  have  discovered 
in  the  well-nigh  sacred  grouse.  Of  ticks  the 
shepherd  is  only  beginning  to  know  the  full 
dangers,  as  of  fleas  man  himself.  Apart 
from  bacteri^^and  protozoan  nests,  as  yet 
beyond  countmg,  nian  is  dehited  by  the 
'  ^inm'^itologi^^i^^  yr^ih  pt  1^^^^-  SITty  ^p^^^'^°; 
some  reckon  twice  as  many.  The  amazingly 
varied  methods  of  Nature  for  the  diffusion 
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of  parasites  are  among  the  very  strangest 
disentanglements  of  the  web  of  life,  but  into 
the  stories  of  these  adventures  in  search  of 
mischief  we  cannot  enter  here:  enough  if  we 
note  the_stupendous  rate  of  multiphcation 
^y  wl^jch  1;>ie  many  chancesagainst  finding 

the  ^gmmon  tape- worm  of  man  has,  been 
^^jL^  I  calculated  to  produce  eighty =five  milh'nn  tyy^ 
wy^\3uring  its  two  vears'  p-s^js^fpripp 

It  is  an  interesting  inquiry  whether  the 
large  numbers  of  so-called  species  of  thread- 
worms, tape-worms  and  other  parasites,  are 
not,  in  many  cases  at  least,  mere  modifica- 
tion forms,  whose  diagnostic  characters  are 
directly  induced  by  the  peculiarities  of 
their  respective  hosts.  The  question  is,  of 
course,  one  for  the  experimental  observer. 

Agxiin,  even  parasitism  must  not  be  viewed 
too  pessimistically.     It  ig,  nft Pr  ^\]^  y^pf  ^^h^ 

^t^reSt  O^  ^^^  pnrs^dfp  tn  Vill  if^  ho.St,  ^^ 
pvf;^^  t9  (Jeteriornte  its  h'fp  t.^o  seriousb^: 
moreover  the  hn,cit  hppnrnp.^f  more  or  less 
arlf^pfprl  t^  jts  wonted  gnpsts.  nnd  probably 
r^QpfPcpr^nrliTig^ly      imm^inf;      \n      tViP irrJtaat 

pqjsons  which  many  parasites  have  been 
shown  to  excrete.    The  rapid  disasterj^ch 

p3j»asitps   SQ   p^ff  on    Kring  fTRTTnt^  .gi^pms  rfjiJieT 

when  introduced-inlQ^some  nf^W  and  lltiac-^ 
customed  host;    as  probably,  in  tUe  c^§e^j?J 

sleeping  .^kkaess. 
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/  ..  .      K 

Again,  parasitism  may,.pas>^    on  onp  siH(^ 

tnwRT-rlgf    mnrp    ^,r|f|     mnrp     rnrnplpto    mijingl 

adaptation,  witness  the  symbiosis  of  alga 
and  animal  in  certain  sea-anemones,  or 
the  admirable  permanence  of  that  co-opera- 
tion of  short-lived  alga  and  transientmould 
which  enables  the  resultant  lichen  sometimes 
to  outlive  the  very  tree  which  bears  it. 
Galls,  again,  afford  many  instances  of  a 
parasitism  which  is  reaching  equilibration. 

Thus  in  many  ways  we  must  not  consicj^r 
parasites  as  simply  aberffin^i  ^^^  tV>pir  pp<?u1i- 
arities  as  uniqne.  These  become  intelligible 
products  of  evolution  \^en  we_rf^h'7:f^  thf^ 
as  perhaps  thf^  _gYir?n^e  c^.&p'Si  of  th^^  dpfpr^ 
minatinn  of  <^y'fyRnism  by  environment.  From 
the  analysis  of  this  relation,  especially  in 
these  extreme  cases  of  parasite  and  host,  the 
theory  of  evolution  might  almost  |iave  been 
Ijredicted.  since.  Jf  the  details  of  environ- 
-m^tiX  and  of  organi^m^bey^&J^ ex<^  ohyiously 
and     preeise]y    p.r|apted     one    to    the   other, 

rj\png£^Jr^  fhf^  forrYi^r  rmist  either  b^  fdloWfd 
by    tiiP>    #^vtinnfinTi     nf    i/hn    Inttnr,     nr    by     jtft   l 
nriodifinatinn   -iw , ..j^W^-   rpg]] j^^sfte     details.        To 

understand  the  modus  operandi  of  this, 
Weismann  invokes  the  needful  germinal 
variation  of  the  germ-cells,  and  Dohrn  his 
"principle  of  functional  change"  —  Ms  re- 
minder   that    everv    bVing    tiss^i]^,    hftWfY^^ 
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speoializefl,  f^tfliTI^  fmn^g  r>f  nl]  fhf  fllTI.^- 
\;^^i^  f)f  prntnp1^,^Tn    and  that  therefore  anv 

ope    of    the.giP!    may    b^    indp^fim'tply    inr>rf^ngof^ 

by  fayonrahl^  (;;^pHjt^ons,  and  the  speoiflh'zerl 

^jjTirt^'^"  "imilnirly  re^"^^^  ^^^  a,  trni^^  Our 
notion  of  specializf^^jpn  hpporgf;^  tftius  asso- 
r^qterl  witlT  a -Porrespondm^  possihili'ty^^of 
"jiinp^'^r^^^V"  and  our  idea  of  progress  thus 
becomes  complemented  and  checked  by  the 
possibihty  of  degeneration,  and  this  from 
any  stage  of  the  ascent  of  Hfe.  The  first 
of  these  views  is  the  neo-Darwinian;  while 
the  second  savours  of  neo-Lamarckianism; 
but  here,  happily,  is  a  case  in  which  the 
recent  admirable  eirenicon  of  Lloyd  Morgan, 
Osborn  and  Baldwin  (discussed  in  Chapter 
VI)  may  be  conveniently  applied.  ^Accord- 
ing  to^JLbi^^^Jbr  mndifiontions  nf  the  iridi- 

thyugl^  ^hev  jnav  be.  may  ;yet.  serve  as  the 
nurse  and  Rh^eld  anr]  selective  vRntnp-p- 
^round  f^^*  ^(yp>rTyi,\7Qrjfit|prig  in  the  same 
direction.  V^ith  this  two-fold  process  at 
work,  in  germs  and  in  developing  adults, 
the  frequent  development  of  parasitic  shoots 
upon  the  tree  of  life  becomes  a  less  per- 
plexing marvel. 

Another  interest  of  this  subject  is  the  way 
in  which  it  invites  that  cornpf^^isoT^  of  the 
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natural  and  the  social  world  which  has 
always  been  so  fascinating,  and,  as  we  main- 
tain from  opening  to  close  of  this  volume, 
also  so  fruitful.  The  naturalist  and  phy- 
sician almost  forget  that  the  word  parasite 
was  originally  a  social  epithet;  but  the 
many  critics  of  human  society  are  using 
the  comparison  more  and  more  frequently, 
of  course  often  in  mere  vague  abuse,  but 
sometimes  keenly  also.  Notable  in  this 
connection  is  the  collaboration  of  Professor 
Massart,  a  biologist  of  Brussels,  with  M. 
Emile  Vandervelde,  now  widely  known  be- 
yond the  Belgian  parliament  as  one  of  the 
foremost  of  the  popular  tribunes  of  Europe; 
and  their  ^^ Parasitism,  Organic  and  Social'^ 
(1895)  will  still  be  found  suggestive  to  natur- 
alist and  sociologist  alike. 

Without  entering  upon  matters  so  con- 
troversial as  a  volume  so  named  inevitably 
raises,  we  may  profitably  note  the  fresh 
light  which  the  study  of  parasitism  throws 
upon  that  till  lately  accepted  and  still 
mainly  predominant  body  of  economical 
and  social  thought,  that  of  the  modern 
industrial  age — its  political  economy  for  the 
group,  its  teaching  and  ideal  of  success  for 
the  individual.  For  thus  instead  of  calling 
this  one  or  that  of  our  more  successful  fel- 
lows by  the  ugly  name  of  parasite,  we  may 
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more  safely  begin  by  recognizing  this  very 
tendency  in  ourselves.  For  who  does  not 
at  times  look  forward  to  a  more  peaceful, 
a  more  prosperous  and  assured  period,  in 
which,  storms  and  trials  over,  we  are  to 
settle  down,  snug,  cosy  and  warm,  there  to 
eat  of  the  fat,  and  drink  of  the  sweet,  and 
to  enjoy  what  may  remain  to  us  of  life? 
And  what  parent  but  wishes  for  his  child  a 
safer,  easier,  richer  life  than  his  own?  Little 
wonder,  then,  that  the  political  economist, 
who  has  for  the  most  part  but  massed  popu- 
lar opinion  into  his  pretentious  but  inchoate 
would-be  science,  has  treated  this  scheme 
of  life  as  the  natural  one,  and  confirmed  his 
public  more  and  more  into  it  as  the  practical 
one  as  well.  For  youi-  ^m]]rl-V><^  pmnfiVnl 
majij  ilnvr  to  thnt  wildnntii  ntrnnrnnti  mnnt 
irq^jtoaieibk  of  aH  theories — thf^  theory  t>in,f 
there    five.   j]ri   tlnporip'^i — ejfr   h]h   virtlm    J^ 

th^  surface  plausibility  of  the  cnide&l  Lhcuiy 

goigg^ 

/    Whereas  the  student  who  has  seen  crusta-\ 

cean  larvae  in  all  the  activity  of  their  youth, 

bright-eyed,  free-swimming,   and  thereafter 

settling  down  into  barnacles  upon  the  rock, 

tOr,  seeking  food  and  safety  at  the  expense 
of  their  larger  and  stronger  active  kindred, 
settling  further  down  into  mere  blood-bags, 

tmere  egg-bags,  ''sans  eyes,  sans  ears,  sans 
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everything,"  has  before  him  a  nature- 
symbol,  one  worth  thinking  about,  and 
that  carefully,  even  furiously  also.  For  here 
it  turns  out  that  the  teaching  of  the  econo- 
mists who  have  identified  comfort  with 
progress  have  been  so  far  right  in  unifying 
them,  no  doubt;  only  they  have  been  for- 
getting that  such  progress  tends  to  be 
bought  too  dearly.  Their  gospel  of  "getting 
on"  is  not  necessarily  getting  on;  and 
hence  their  much  preached  and  yet  more 
prayed  for  "success  in  life"  so  often  turns 
V  out  the  very  reverse  of  success  in  living. 
^  Contrariwise,  our  bio-sociology  tends  to 
justify  the  so-called  "unpractical."  It  is 
essentiallv  the  free-living  and  self-supporting 
creatures  tl^at  really  get  on.  that  evolve  m 
the  \)est  serLse.  So  the  idealist  adventurer 
who  loves  to  meet  the  "bright  ey^es  of 
danger,"  who  goes  out  to  seek  love  and  face 
dcnth^  has,  triip  ^^i^c^^egj^j  in  1U'^,  KnVf  thrii^gV 
it  b/^;  and  this  not  merely  from  the  "ro- 
mantic" point  of  view  the  philistines  fancy 
.confined  to  novels,  but  from  that  rising 
^  standpoint  of  evglutinij^t  r^:alism^  of  which 
1  morals  in  one  age,  religion  in  another,  and 
now  art  in  our  own,  have  each  been  the 
presage.    T^h|]s_m  f^omg  thf>  ngli^st  far^g  ^^ 

.    y  lowest    llff^    wp>    gf>f^    tliPm     giy^    ^^^y    ff)    the 

noblest   hopes   9f   our   own    evolution.      In 
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education,  then, Jet  ns  rint  ie^v  to  npply  this 

fta£iapp,    hu^ncL    f^nnTtmnf}\n^    of    the    hn,^fi3|;'^^rt, 

thnt  smVuf^P  f^|^^]je,^t.  so  prIIpH!  and  thus 
have  done  with  the  current  obsessions  of  the 
money-world,  of  most  ease  with  least  labour, 
of  getting  something  for  nothing;  perhaps 
above  all,  of  that  seeking  after  the  assured 
life  of  petty,  sedentary  functionarism,  which 
is  becoming  a  main  curse  of  civilization — • 
we  now  see  why. 

Out  in  the  fields,  on  hill,  at  sea,  facing  the 
buffetings  of  wind  and  wave,  working  with 
our  fellows,  and  there  content  neither  with 
strength  nor  skill  alone,  but  seeking  exercise 
for  both,  here  is  the  best  life  of  evolving 
manhood:  as  of  old,  so  for  ever,  let  townlings 
dream  as  they  may.  And  how  to  corpbi^^- 
this    fundamental    vividnnnr.    nf    ruatie^    lile 

with    t)ip   s^^V>t]pr  _  yftt    it    nnn-^T   bn   nuprnri    Tiinrp 

stfpnuous  Jifp  of  prndnrlJ!!^  urb^n  ^^^^^iir^j 
is^  perhaps,  tJi^  main  problepi  befora  th£ 
evolntinnist.  In  modern  everyday  phrase 
this  task  is,  in  fact,  already  opening  before 
us;  already  we  are  seeking  to  advance  rural 
development  here  and  town-planning  there; 
waJiave  next  to  co-ordinate,.,  both.,  into 
rf^g j  pn  a  L  ren  p w,a  1 .  Given  this  incipient  view 
and  policy  of  human  life,  as  consciously 
evolutionary,  ip.  exchange  for  j 
one — of    successfuf  Jife    as    spssjIp,    iir^pftn- 
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R(>if>]],g;^Y  dep;enerative,  nnd  n,s  far  as  possible. 
p^Tasitic — the  field  of  effort  opens.  Hygiene, 
engineering  and  irrigation,  agriculture  and 
forestry,  and  all  such  strenuous  careers  are 
already  opening  perspectives  lately  un- 
dreamed by  youth,  struggles  for  existence 
nobler  and  more  sustainedly  strenuous  than 
those  of  war.  Practically,  the  control  of  the 
ice-lands  and  of  the  tropics,  the  amend- 
ment of  nature — and  above  all,  specula- 
tively, the  distinction  between  ascending 
and  deteriorative  progress — thus  alike  be- 
come more  clear. 


CHAPTER  IV 

VARIATION     AND      HEREDITY:      THE      SPRINGS 
AND    CHANNELS   OF   EVOLUTION 

What  Organic  Evolution  Implies — Heredity  and  Variation 
— Why  Like  Tends  to  Beget  Like — Organic  Changes 
Analyzed — Darwin's  Position  in  regard  to  Variations — 
Modern  Study  of  Variations — The  Mutation  Theory 
— Mendelism — Causes  of  Variation. 

What  Organic  Evolution  Implies-^^^^Otj 
.gaiiiceyohii^^ 

definite  ling^  It  is  for  the  variety  or  species, 
breed  or  race,  what  embryonic  development 
is  for  the  individual— a  mode  of  becoming;. 
Its  continuitv  is  sustained  by  a  si|cr<"^^^^^  ^f 
gengraiiaiia,  whereas  in  development  tjie  oon- 
^^ni^ity  ^'i^  nbvimi5^]y  one  of  personal  identitv. 
Evolution  implies  three  things:  (a)  raw  ma- 
terials in  the  form  of  variations,  or  organic 
phflTifyps  ^f  ,^nmf  .^prt!   (fe)  an  arrangement  for 

th^so:    and   (c)   a  directive  mechanism  for 

securing      ^Qngict^ni^y      QTifl      f>ff<:^^ti\rpnpgg      of 

ra£J(jj  chai^ge.     The  importance  of   (c)   will 
vary  with  what  is  provided  by  (a)  and  with 
the  degree  of  persistence  allowed  by  (6). 
Heredity  and  Variation.  —  Heredity  js 
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the  genetic  rf-jf^Ji^n  between  siiroessive  gen- 
erationg,  and  an  inheritance  includes  all  that 
an  organism  is,  or  has,  to  start  with,  in 
virtue  of  lis  hereditary  relation.  We  cannot 
compare  organic  inheritance  to  a  patrimony; 
for  the  organism  and  its  inheritance  are,  to 
begin  with,  one  and  the  same.  Nor  do  we 
any  longer  think  of  heredity  as  a  power  or  a 
principle,  as  a  fate  or  a  force;  wg  study  it 
as  a  ^en^ic  relation,  which  is  sustained  by. 

f^elts!  as  a  relation  of  resemblances  and 
differences  which  can  be  measured  and 
weighed,  or  in  some  way  computed. 

The  hereditary  relation  is  .such  that  likft 
tends  to  b^g^t  h']^p  while  at  the  same  time 
opportunity  is  afforded  for  the  individual 
new  departures  which  we  call  variations, 
ppth, th^  t^ndgncy  to  persist  and  the  ten- 
dency to  diverge  are-indiided  in  thehereH)^ 
tar^jifil^iian,  so  that  it  is  confusing  to  make 
an  absolute  antithesis  between  heredity  and 
variation.  Heredity,  seen  in  its  fullest 
sense,  is  the  larger  concept,  and  includes 
both  inertia  ^p3  .^bl^JH^PJ^^^y  both  con- 
tj'nuapcg  p|nrl  nlinr^cyp  \Vh'atever  be  the 
terms  used,  there  are  two  complemental 
facts:   that  like  tends_to  beget  like,  yet  that 

every    new    preatiire    has    in    sinjx]0    Wav    an 

individuality  of  its  own. 
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TYht  I^ke  Tmnj\  to  J)mriV  Ltkf^.  —  The 

fundamental  hereditary  relation  is  such  that 
like  tends  to  beget  like,  and  the  reason  for 
this  is  found  in  the  faot  of  germinal  con- 
tinuity. As  long  ago  as  1875,  Galton  pointed 
out  that  there  is  a  sense  in  which  ^.he  child 
is  as  old  as  the  parent^;   for  Yfh^TI  ^^^  pnr^nf 'q 

v>r.riY  I'g  ^fYfJopinff  frrim  ^^^  ^ertilif^fd  rrynr 
a^  residue  of  unaltered  germinal  material  is 

I  kept  apart  ^7  form  ^^^  ^^p^^du^tivp  cpIIs^ 
one  of  which  mav  hecome  the  stRrting- 
point  qf  R  pLild  This  idea  has  been  in- 
dependently expressed  and  more  fully  de- 
veloped by  Weismann,  who  states  it  thus: 
"In  development  a  part  of  the  germ-plasm 
[i,e,   the    essential    gerr^^jri^l    rngfpriQl]    oru^^ 

taJnpd  in  tliP  parpnt  Pgg-ppH  \fs^  y^ot,  j]^rc\  iip 
in  the  ponstrnption  of  the  body  of  the  off- 
Spfipg.  Nit  1°  ^^'^^v^rf^rl  nr>p>|^ngpd  ^r.T'  tVio^ 
frij-piaiinn    nf    t^^    gprm-PpUo    r.f    fh^    ^rA]r^^Tlr,r, 

generation."  In  many  cases  the  future  re- 
productive cells  are  visibly  set  apart  at  a 
very  early  stage  before  the  division  of  labour 
in  body-making  has  more  than  begun;  in 
other  cases  where  the  Juture  reproductive 
cells  are  not  visible  till  much^later,  we  argue 
by  analogy  that  they  are  reproductive  cells 
because  they  have  not  shared  in  body- 
making,  but  have  kept  intact  the  proto- 
plasmic  equipment — the   full   inheritance — 
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of  the  original  fertilized  ovum.     Thus  thei 

jilflsm  fhf\j\  ^^^  prnrlT^'"pr.  of  ^^^  ^hil^  In 
a  new  sense  the  child  is  "a  chip  of  the  old 
block."  The  clarifying  and  corroboration  of 
this    doctriTie    ^f    gerrpinal    continuity    has 

bppp     nn^     of     thfi     ]7ir>gt     impr^rtf|,|^f     gf^p,^     ^f 

p^^'ift-Dari^jnian  hiolo^v.  It  enables  us  to 
understand  why  like  tends  to  beget  like; 
and  it  also  suggests,  what  is  hardly  less  im- 
portant, that  the  new  departures  or  varia- 
tions^  which  we  have  spoken  of  as  individual, 
are  really  expressions  of  the  changeful  vitality 
of  the  undying  germ-plasm.  As  Bergson 
puts  it:  "Life  is  like  a  current  passing  from 
germ  to  germ  through  the  medium  of  a 
developed  organism.  .  •  .  The  essential  thing 
is  the  continuous  progress  indefinitely  pur- 
sued, an  invisible  progress,  on  which  each\ 
v^'gjjhlp    firffanism     rides     during    the    short! 

'  int^^v^l  ftf  ti^'i'ift  ^JYfn  [^  ^^  hVp/^ 

Organic  Changes  Analyzed. — Great 
progress  has  been  made  in  recent  years  in 
studying  the  individual  peculiarities  of  plants 

Ay^d      ^TiJTTiflls,     in     rpgistpn'ng    tlip^V    n^^r^i^nf. 

^Jid  ^^^'^^  frAqnpnf^y  Thc  coUcctiou  and 
analysis  of  these  "biometric"  data  are  of 
fundamental  importance,  for  the  Darwinian 
method  of  interpretation  is  like  that  of 
Lyell,  throwing  the  light  of  the  present  on 
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the  darkness  of  the  past;  and  It  is  only 
when  we  know  securely  what  changes  are 
going  on  now  that  we  can  legitimately  argue 
back  to  what  may  have  occurred  in  remote 
antiquity. 

Facts  bearing  upon  variations  have  been 
gathered  so  industriously  of  late  that  as- 
similation has  hardly  kept  pace  with  accumu- 
lation; and  one  evidence  of  this  is  to  be  found 
in  the  confusing  ambiguity  of  the  terms  used 
by  various  biologists.  The  term  '"varia- 
tion"   is    used    in    r^f^^^nr^o    fr>    n+    Innnf    +]^r.^Q 

neadilv  ;ji^tiTi|";M?'fT^nM^  IrinHi^ — ei — organic 
cl^ange.  and  the  tprm  Trmf^^^'^^  ^'^  ^l^o  UiSH 
ilLthree  senses.  The  terminology  will  require 
to  be  standardized  by  some  International 
Congress  of  Biologists;  but  pending  this, 
let  us  do  what  we  can  in  trying  to  get  the 
ideas  clear. 

When  we  compare  a  number  of  members  of 
the  same  species — men,  ruffs,  garter-snakes, 
sticklebacks,  snails,  brambles,  buttercups, 
pansies,  and  so  on  —  we  find  that  they  differ 
from  one  another.  These  differences  can  be 
measured  and  registered  under  the  title 
^^i^l^oi^yor]   ^jffpi^pT^r.^  '^  whlch   commits   us 

to  no  theory  whatever. 

But  these  ''observed  differences"  require 
further  analysis  before  a  statement  of  them 
can  be  very  useful.     Indeed  a  statement  of 
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them  without  analysis  is  very  apt  to  lead  to 
biological  fallacy.  Many  of  the  differences 
may  be  wrapped  up  with  sex,  and  these  can 
be  readily  sifted  out  from  the  slumped  total. 
Otherg  may  be  wrapped  up  with  a^e.  and 
these  can  also  be  analyzed  out.  Others  are 
due  to  somethiuff  unusual  in  the  ''nurture,'' 
in  the  wide  sense;  that  is,  they  are  the  direct 
results  of  peculiarities  in  surrounding  influ- 
ences and  oF" peculiarities  of  habit.  §uch 
cl^ange?]  jn  thff  bnrlirn  nf  pinntn  nqd  animals 

Qr^  Pvtrji^gip,  Tint  ly^fj-mgir^^  in  nrigin^jhjipy  iu^ 

acquired,  not  inborn.  They  are  technically 
called  ''acquired  rhp^^^^'^^g/'  or  much  more 
clearly  ' '  n\odificatiQj>8 .  '^  They  may  be  de- 
fined as  structural  changes  in  a  part  of  the 

body,  directly  indlin"d  by  p^r>n1iarifi(^<;}  ^f  n^^Pi 

r^r  Hi'gngp^  nr  by  some  chapge  in  surroundings 
and  ];),urture  generally,  which  transcend  the 
limit  of  organic  elasticity  and  thus  persist 
after  the  inducing  conditions  haye  ceased  to 
operate.  No  convincing  evidence  of  their 
transmission  has  as  yet  been  forthcoming. 

Now  the  point  is  that  when  we  subtract 
from  \^e.  total  of  ph^P^vH  tijffp^^^^^"  ^^^ 
that  can  be  regarded  ^^_  individual  modi- 
fications, we  have  a  very  int,frf^,st,ing  remmn- 

i^P|»,    yrLipli    wf^    tling    HpfirtP    nfif    ng    inhnrn   or 

germinal  varintinuff  They  ^^f"  \n\v\r]^\r.  not 
extrinsic;   inborn,    not   made.     We   cannot 


118  EVOLUTION 

causally  relate  them  in  a  direct  way  to  pe- 
culiarities in  habits  or  surroundings;  they 
are  often  distinct  at  birth  or  even  hinted  .at 
before  birth;  they  are  rarely  alike  even  among 
forms  whose  conditions  of  life  are  uniform. 
They  are  in  many  cases,  if  not  a1wavi=;^,trfl,ns- 
rgissi|ila.  They  form  the  raw  material  of 
evolution. 

Darwin's  Position  in  regard  to  Varia- 
tions.—ODar^iii  recognized  two  kinds  of 
hereditary  variations,  in  addition  to  those 
extrinsic  changes  which  we  now  call  modi- 
fications. In  the  first  place  he  recognized 
large  '^s^ng1e  variatio^'^  or  ^\sports/'  which 
occirr^rarelv  and  result  in  consp^>uP^^«  rli'y^r- 
gences  fro^n  the  typo  of  the  species.  In  the 
second  place  he  recognized  slight  ^'individ- 
ual variations/'   which  are  practically  ubi- 

brother  from  brother,   cousin  from  cousin. 

^il^tih  of  ^^^^^  kindif  of  YlJinf^t^'^nS  W^^-f^  epjlprl 

*'ipdefim'te_- — nnri    'Vpvnt^ri^mis/' — to    dis-.w> 
tJ];ip;iiish     thf;^  -^"^     whnit,    ho — somewhat 

■ — the  direct  result  of  environmental  and 
functional  peculiarities.  These  correspond  to 
what  we  now  call  modifications,  and  it  mu^t 
be  nntf^d  lh^,|,  fV'YliTl  hH^'^^"^^  ^'^  ^^^^^  ?Vr 
casional  trnu'iTTli'i^fH^ity 

Leaving-aside  the  question  of  the  possible 
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racial  importance  of  modifications,  it  is  of 
interest  to  notice  Darwin's  view  of  the 
relative  importance  of  '>'ng1e  vaTiations'" 
and  '^individual  variations/'  The  former 
correspond  in  a  general  way  y^  what  we 
now  call  ''dismntiinUftUfi  ymmo^^^''  "muta- 
l^ojis,"  "saJLtatoc^z-JWiriations'';  the  latter  to 
" continuous  variation^"  or  ''flnrtnfltion.g!/' 
Darwin  was  much  interested  in  the  former 
class,  "sports"  as  he  sometimes  called  them; 
but — true  to  the  influence  of  Lyell — he  came 
deliberately  to  the  conclusion  that  the  minute 
ubiquitous  fluctuations  were  by  far  the  more 
important.  The  criticism  of  Fleeming  Jen- 
kin,  Professor  of  Engineering  in  Edinburgh, 
that  single  large  peculiarities  would  J^e  likeh 
to  be  swamped  by  inter-crossmg,  h^ 
much  weight  with  Df^.^^ii^  t,]ia,t  ]hp.,..rpasLPrl  to 
attach  importance ^tu,,thej.^irg^r  dlY^rgr^^^^i 
and  found  his  raw  material  in  the  smaller 
fluctuations.  "The  more  I  work,"  he  said, 
"the  more  I  feel  convinced  it  is  tjyth^-aC:: 

^iOTli'i   t^""^   Tlf^W   gp^^^'^^   ^n^f^ ''      We   shall 
return  to  this  question,  but  we  may  note  in 

passing  H^  thflf  tll^^yp  is  no  reasoy^  fo  b^h'pvp 
hat  "sinRle^vaf2^tions-  T]ff^gssn,rjVy  qccuv 
singly,  the  fact  being  that  numerous  sports 
In  tEe  same  direction  sometimes  occur  simul- 
taneously; (2)  that  some  of  th^  dii^rontip^^^^'^^ 
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^^f1inflt^'^n>'i  ^^^ti  h^  Y^  ^^^Ti  studied  bayf^  prr^yprl 
themselves  to  have  remarkable  staying  power 
in  inheritance,  being  anything  but  liable  to 
swamping;  and  (3)  that  we  have  not,  even 
to  this  day,  siiffin'pnt  know]^d^e  of  what 
P^TYrin  n^^^^  ^^pmg  tnliaTrp  rln]ib^Hi  name1.y 

tuatiotts*  It  was  probably  a  false  step  on 
Darwin's  part  when  he  turned  so  fully  away 
from  discontinuous  variations. 

Modern  Study  of  Variations. — One  of 
the  great  steps  of  progress  in  evolution  lore 
since  Darwin's  day  has  been  what  we  see,  for 
instance,  in  Dr.  J.  A.  Allen's  pioneer  measure- 
ments of  American  birds  (1871),  in  Bateson's 
*' Materials  for  the  Study  of  Variation" 
(1894),  and  in  the  pages  of  the  journal  called 
"Biometrika" — the  recording  and  registra- 
tion of  the  variations  that  do  actually  occur 
in  nature.     A  few  results  may  be  noted. 

It  has  been  clearly  shown  that  Darwin-did 

r^r^l    jp     tViQ,.Jpq<?t     pvn  o*  rear  nt.p>-»t  ho    nvflila-HTP 

supply  ^f  rflw — material.  ^'Even  Darwin 
himself,"  as  Wallace  says,  ''did  not  realize 
how  much  and  how  universally  wild  species 
vary."   Jt  ha^been  prove4_that  great  vfmn- 

animals.  The  fountain  of  change  is  even 
more  copious  than  was  dreamed  of. 

Another    important   fact    has    come    out 
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clearly,  especially  from  the  pioneering  work 
of  Gallon,  that  ^hprp  i.gj^  o|ten  a  j[)roDQrtion 
hptiWfP^  ^^^  fr^qnf^^py  of  a  particular  varia- 

t\r^^  RnrI  tli^  ni^^im|^  of  \\^^  dpyjnlion  from 
the  mean  of  the  character  in  question.  Let 
us  take  \Vallace's  illustration,  which  makes 
this  point  clear  at  a  glance:  Among  measure- 
ments of  2,600  men,  taken  at  random,  there 
is  1  of  4  ft.  8  in.  and  1  of  6  ft.  8  in.;  12  of  5  ft. 
and  about  12  of  6  ft.  4  in.;  i.e.  equal  num- 
bers at  equal  distances  from  the  mean  of  5  ft. 
8  in.  In  other  words,  when  the  frequency 
aiid  the  magnitude  of  the  __Yariations  are 
registered,  thev  often  show  wjiaLi.'»><?nl1pH  th^ 
Normal  Curve  of  Frpquencv 

This  tedious  task  of  registering  the  varia- 
tions that  occur  may  seem  far  from  life-lore, 
but  a  little  yon  SI  deration  and  a  little  actual 

ygfTJctrgtif^r^ of^uttcrCUp    pCtals^    of    IcUgth 

ofj2ird  wjngs.  of  hritt.^c-star  arms,  of  jelly-fish 
^anals.  or  th^  like — wi]]  onnAnnp^  t||P  student 
that  biomptrics  may  lead  him  into  the  very 
heart  of  th^  matter.  If  the  registration  of 
the  dimensions  of  a  particular  character  be 
carried  on  year  after  year  in  similar  material, 
and  show  a  consistent  increase  in  the  asym- 
metry or  skewness  of  th(^  curve,  this  must 
meai^hat  the  species  is  Tnoviny  in  a.  definite 
direction  as  regards  the  particular  character 
measured.     Similarly,  the  persistent  occur- 
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rence  of  ^wellj?ub§tantijjLgd^i^b1e-'hnrnpprl 
curve — not  the  result  of  modificational 
effects — may  vivif]]y  brinp;  bnTnfe,-£bf^  i^.c;t 
that    thf^   spf^Pif^,gf   1,^    rljvi^jnfy   ]|;^to    twQ   snh- 

S£eci.es.  Thus,  by  a  statistical  path,  we  are 
brought  face  to  face  with  the  most  vital  of 
all  facts — -  revolution  crfiatrice. 

The  rapidly  growing  body  of  facts  in  re- 
gard to  variation  is  ajso^  c^nfinxiingf  what 
Darwin  called  the  ^^correlation  of  varia- 
tions/' He  pointed  but  that  the  whole 
organization  is  so  tied  together  during  its 
growth  and  development  that,  wheruslig^t 
variationsJn  any  part  occur.  QJid^,a^e-4cans- 
m|ttprl^  anrj  (j.re  agcum^i]a,t,f^d  by  T?pturftl 
selectio^T  other  pniftff  ^^  ^^f^  ■St^^^^lirf'  ^^^Y 
fl.lso  nndprgp^  f^Viai^o-p  apparently  irrespective 
of  any  advantage.  The  whole  framework  is 
so  knit  together  that  if  one  member  suffer 
change  others  suffer  with  it. 

'r'h^idf^_o^  m^Ha^^^'^n  Hiigg^^^ff  th^^  ^^"^ 

organisir  ^ftfin  rhPUg^iS  ^°  ^i  IITiity  in  mgny 
paxtgatonge,  and  not  like  a  machine  that  is 
perfecte3'^ecemeal  by  the  accumulation  of 
many  little  patents  independent  of  each  other. 
Thus  a  variation  important  ^n  the  pre^nt 
Diay  bripg  ^n  1^^  tunin  nn^  timt  \ff  rlps-lmeA  to 
be  impnr^i^y)^^  it^  fj^p^  f^^f nr^^  aud^a^ariatiou 
too  small  in  itself  to  he   of   vahip!   may  V^^ 

carried    OVe^    ^\}f^    ^^^^    pmnt    intn    pffprtivp^ 
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ness  because  it  is  correlated  w\^^  anofhptr 
v^rjatmn  of  greater  momentum  or  vitq.l  valne. 
Another  result  of  modern  studies  on  varia- 
tion requires  to  be  stated  very  cautiously. 
Evidence  is  accumulating  to  show  that 
njgamV  strnotnrp.  may  pfl5=},s  with  seeniing 
flhniptness  from  one  position  of  equilibrmm 
tojanulher.  Changes  of  considerable  amount 
sometimes  occur  at  a  single  leap.  These 
bf usque  changes  are  called  ''discontinuous 
variations/'  or  sometimes  ''sports/'  and,  in 
certain  cases>  "mutations . ' '  There  is  nothing 
new  in  the  suggestion  that  evolution  mav 
sometimes  have  been  bv  leans  and  bounds, 
for  this  was  a  favourite  idea  of  Cuvier's 
evolutionist  contemporary  and  antagonist, 
Etienne  Geoff roy  Saint-Hilaire;  and  it  was 
also  a  pet  heresy  of  Huxley's.  T^^re  is 
"9t^?'lfrf  ^^^  in  rpooffnizin^  that  discontinu- 
ous variations  do  occur,  for  they  correspond 

to  D^rwjn'^  ^^o;v.g1^  ^rqy^iQfi'nrx;}''  ^y-  '^,^pnrtg  '' 

What  is  new  is  that  we  are  beg^inning  to 

^mim^^lp^^     fnr>tg     in      r(^^fivr\      to     tlipjr     fro- 

Sir  Francis  Galton  compared  organic 
structure  to  a  |3oIvgonal  model,  so  shaped  as 
to  stand  on  any  one  ot  its  sides.  "The  model 
and  the  organic  structure  have  the  cardinal 
fact  in  common,  that  if  either  is  disturbed 

without     f,|^f^Ty,c^n.y»pyc,fr.p     fL^     ^^J^^r.     r.f     j|o     ^c|f|^- 


lU  EVOLUTION 

bility,  it  will  tend  to  re-establish  itself,  but 
if  the  range  is  overpassed,  it  will  topple  over 
into  a  new  position;  also  that  both  of  them 
are  more  likely  to  topple  over  towards  the 
position  of  primary  stability  than  away 
from  it." 

The  Mutation  Theory. — In  1900  Pro- 
fessor  Hu£;o  de  Vries  of  Amsterdam  published 


under  the  title  "The  Mutation  Theory"  an 
account  of  his  very  interesting  and  important 
experiments  and  observations  on  the  origin 
of  species  in  the  vegetable  kingdom.  The 
most   striking  of  his   conclusions   was   that 

/species  arise  frpm  W^  gnnfViAr  hy  rlicr^r^nf^'y^^j- 

013S  leap^s'nnH  |->minds.  as  opposed  to  a  con- 
f,jy»m>»vs  py-oppss  Whereas  Darwin  relied  on 
the  action  of  selection  on  minute  individual 
variations  or  jBuctuations,  Et^  Vries  believes 
thM  these  have  nothing  to  do  with  the  origin 


of^^speci'ps^  whi(;^h   ^pp^^F"''al1   aL^)iii';i'"  hk^ 
TTLntRtmng     Let  US  quote  some  of  his  char- 
\acteristic  statements. 

"By    the^pnitatiop    theorv    T    mean    the 

Huits.  These  unjt^  ^m  bf^  n.^i'^o^^'^^''^  -^^ 
groups.  aj]c\  we  find  in  nIhVd  spenipg  the  SRme 
Hnit:s  ar^dgroups  of  units.  Transitions,  such 
as  we  sofrequently  meet  witn  in  the  external 
form  both  of  animals  and  plants,  are  as  com- 
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nieteljv  absent  between  these  units  as  they 
ar(^.  hetwe^eri  tho  moTecuks  of^tlie  chemisL'' 

"The  adoption  of  this  principle  influences 
our  flttitnde  towar^,^  |he  theory  of  Hpsppnf. 
bv^Ufy^estinp-  to  ]ig  tlinf  gppr^ipg     Tinvf^  nn'gf^rt 

from    one    another    by    a    discontinnons,    a,gf 

OppO,g;^H   to   ^    f^pnfi'nnr^ng^    P|»^o^go         Each  UCW 

unit,  forming  a  fresh  step  in  this  process, 
sharply  and  completely  separates  the  new 
form  as  an  independent  species  from  that 
from  which  it  sprang.     T^p  rtpw  gpf^^iVg  np, 

Pflir^^  "^Pm^^  witKmit  any  vi'^ihl^  pffp^T-n^ 
tjrm.,    and     ^jyithont     any     nh^nr.^^^     i^ffj^^    ^^ 

''The  p^ut^gtion  theory  is  opposed  to  that 

^^<"^pt^*^^  ^^  ^^^  tihfory  of  ,^f]p^^^i^^  wi^Vh  ic 

il2WjiC£iiaient.  According  to  the  latter  view 
the  material  for  the  orig-in  of  new  species  is 
nffnrd'pd  by  -^rdi^flry  nv  s^-^nllH  individn^J 
vaxiaiian.  According  to  the  mutation  theory 
ii^rl[i'yiVlii^1  Y^j-jptinn  has  nothing  to  do  with 
tli^  r^n'gi'rt  r^f  cpAm'^g  This  form  of  Variation 
.  .  .  cannot  even  by  the  most  rigid  and  sus- 
tained selection  lead  to  a  genuine  overstep- 
ping of  the  limits  of  the  species  and  still  less 
to  the  origin  of  new  and  constant  characters." 
"'Of  course  every  pecnlinrity  of  an  organism 

q^pseS    frOF*     Hi    pr^^^ir^ncly     i^vigfir.^    Q^f>»     UOtj 

however,  bvordinary  variation,  but  by  a 
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sudden  though  minute  change.  It  Is  perhaps 
appropriate  to  compare  such  a  change  with 
a  chemical  substitution." 

''Thp^^j^fiinf^  T  prr^pQ,«^(^  to  giVPi  to  this 
' spem PS-forming^  .izarialkUlty  is .^Muta.bility 
—  a  term  in  general  use  before  Darwin's  time. 
The  changes  brought  about  by  it,  the  Muta- 
tions, are  phenomena  as  to  the  exact  nature 
of  which  we  understand  very  little  so  far. 
The  best  known  examples  of  such  mutations 
51TP  \hf^  ^^^^-pallpH  .spontnr'^^iiFi  ynrintinm  (thr 

VsiTT^  YprintioT^.Q}'  of  r>^rwir|)  hy  -yylnVh  Uf^W 

^nr|  dig^JTipt  Y/^,r^ plies'  fln'^^^  They  are  also 
termed,  fitly  enough,  sports.  In  spite  of  the 
fact  that  they  occur  fairly  often,  they  are 
usually  not  noticed  until  the  new  form  has 
already  appeared,  when  of  course  it  is  too  late 
to  study  the  phenomenon  of  its  origin  ex- 
perimentally. Tjiese  new  forms  can  be 
sought  for, 4g_j;*iiltiv.ai^ri  ,gpp,cipST  whJrll  ?^^ 

But  as  yet  we  have  no  power  of  inducing  them 
at  will.  It^s  my^elief  tha^^^^al],  \}}e  simple 
""haGTf.CtiP^'^MlfaMi^^^  ^T-isP  IT]  t,|]ig 

\£a£^ 

^'TTnder  the  yeperal  term  variation,  then, 
are  included  two  distinct  phenomena:  muta,7 
^ility,  and  fluctuation  or  ordinarv  variation/' 

"The  methods  of  artificial  selection  cor- 
respond to  these  two  types  of  variability. 
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^'^(^JYirlliai].   fl^^^^ii^tiTi,cy  nr   ^rqHnal    ynriation. 

IS  aJ^a^ys  prpspTit!  and  it  can  be  described  in 
terms  of  perfectly  definite  laws  which  have 
now  been  fairly  completely  formulated.  _It 
prpi^^f]^g_thg  1;>reefJe.T:,  with  ny^ati^T-ial  for  his 
imprf^vH  rnrp^i  On  the  other  hand,  he  has 
to  d<^^l  with  mutatnris  whivh  dn  riftt  Tlf^erl 
repflf^lffi;^  selection,  but,  at  the  most,  must  be 
k^pt  frep;  froni  flid^^'^^^nr^,  a,TTi  w^^'^^  ^Imu^t 
aly^^ys  breed  true  from  the  first/* 

In  support  of  his  theory.  Professor  de 
Vries  has  relied  mainly  on  the  sudden  and 
repeated  leaps  and  remarkable  subsequent 
constancy  exhibited  by  the  progeny  of  a 
stock  of  e5i£iiiiig-.>i^cTmfese,  (Enothera  la- 
marckiana,  which  he  found  growing  in  a  wild 
state  near  Hilversum  in  Holland.  But  many 
other  instances  of  mutation  are  adduced,  the 
oldest  and  most  accurately  described  being 
the  origin  of  the  cut-leaved  variety  of  the 
greater  celandine,  Chelidonium  ma  jus  lacin- 
iatum,  which  occurred  suddenly  in  1590  in 
the  garden  of  an  apothecary  at  Heidelberg, 
and  has  been  constant  ever  since.  The  evi- 
dence of  mutations  in  the  animal  kingdom  is 
only  beginning  to  be  gathered,  and  there  are 
few  satisfactory  cases  known  outside  of 
experimental  stations.  There  are,  however, 
giany  s\)eQ^2^e.g.  of  birdsl  wnicn  dil^  f^Q^ 
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^fiir  r^l^ives  in  features  similar  to  thogfi 

The  issue  at  present  seems  to  be  this.     The 

arise  in  one  of  two  ways,  either  (1)  by  the 

b^jLJauiialion.  In  support  of  the  first  theory 
there  are  the  numerous  cases  where  species 
are  connected  by  inter-grades.  In  support 
of  the  second  theory  there  is  experimental 
evidence,  showing  thnt,  i;^f1T'y  pharaptPT^i^itfiVg 
r^m^T^  I'Ti+ogT^ol  oTirl  T^^fiig/^  ^f;^  Ki^n^  Paticut 
work  will  be  necessary  before  we  can  decide 
as  to  the  relative  importance  of  fluctuations 
and  mutations. 

["^^l^pTTT  TftivT — One  of  the  most  important 
of/recent  biological  discoveries  has  been  the 
stated  in  1865  by  Gregor 
Johann  Mendel  (1822-1884),  an  Austro- 
Silesian  abbot,  who  experimented  for  many 
years  on  crossing  different  varieties  of  garden 
peas.  His  great  paper,  communicated  to  the 
Natural  History  Society  of  Briinn,  remained 
practically  unknown  till  1900,  when  De  Vries 
in  Holland,  Correns  in  Germany,  and  Tscher- 
mak  in  Austria  independently,  and  almost 
simultaneously,  reached  experimental  results 
closely  resembling  Mendel's.  This  led  to  a 
rediscovery  of  the  buried  paper  and  to  a 
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period  of  very  active  experiment,  in  connec- 
tion with  which  Bateson,  Castle,  Cuenot  and 
their  coUaborateurs  have  been  especially 
prominent. 

Menc^eL  workf^d  fthiefly  with  the  ^dible  pea, 
Pisum  sativum,  which  has  many  well-marked 
varieties  and  is  habitually  self -fertilized. 
When  he  crossed  a  giant  variety  of  6  to 
7  feet  with  a  dwarf  variety,  f  to  ij  feet 
high,  the  offspring  were  all  tall.  The  charac- 
ter of  tajlness  which  appeared  in  the  hybrid 
generation  (F;^),  to  the  exclusion  of  dwarf ness, 
was    called    by    Mendel    tlj^    ''dorninnnt'^ 

rharnpfpr,  flip  nt>tpr  Kmng  ''i^or.pc;c^JYf  '' 

The  tall  cross-bred  peas  were  left  to  self- 
fertilize,  which  corresponds  to  close  inbreed- 
ing in  animals,  and  in  their  progeny  there 
were  tails  and  dwarfs  in  the  average  pro- 
portions of  3: 1. 

When  the  dwarfs  of  this  Fo  genprflitio^  wprp 
allowed  to  se1f-fert-i]ize,  their  offspring  (V^\ 
wf^l»P  ^]]  rlw^j'fg,  and  further  generations  bred 
from  them  were  also  all  dwarfs.  They  may 
be  called  pure  recessives.  being  '^pure'"  a^ 
regards  dwarfness. 

But  when  the  tails  gf  thp  F^  p-pnp^ f^tinn  wore 

left  to  self -fertilize,  tViPir  nffgpj-^'rip^  (T?^)  wf^ff  0^ 
two  kinds:  one-third  of  thpm  (pnrp  Hnmi- 
najatsL  prodn^H    t,a,1],s   only;  two-third.s  of 

thpm     (impnrp     d^^JTiants^     produced     tails 
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and  dwarfs  in  the  3  '1  prnpnrtmn  Thus  the 
Fr^  generation,  resulting  from  the  self-fertili- 
zation of  the  cross-bred  forms  or  hybrids  (F^), 
consisted  pf  ^.^  per  P^^^  F""''^  ^nmjnflnts^  /i(> 
per  cent,  ipipnri^  rlnmin-iints  and  ^5  per 
rent,  piirf  rpf>p«giNrpq 
'    The  results  may  be  expressed  in  a  scheme: 

Parental  generation  Tall  variety  Dwarf  variety 

First  filial  (hybrid)  all  the  offspring  tall;  self- 

generation  (¥{)  fertilized  they  yielded 


Second  filial  (inbred)       25%  Tails  50%  Talis  25%  Dwarfs 

generation  (Fj)    (pure  dominants)  (impure  dominants)  (pure  recessives) 

25%  50%        25% 

Talis      Tails        Tails     Dwarfs       Dwarfs 
(pure)     (impure)  (pure) 

Or,  using  D  for  the  forms  with  the  domi- 
nant character,  R  for  the  forms  with  the  re- 
cessive character,  and  D(R)  for  forms  with 
the  dominant  character  expressed  and  the 
recessive  character  latent,  the  facts  may  be 
expressed  in  a  more  generalized  way  thus 
(after  Punnett) : — 

Parents  'll  r'"  D    R 

First  filial  generation  (Fi)  D  (R) 


ID       +       2D(R) 


,    ,        +        IR 
Second  filial  generation  (Fj)  (pure  (impure  (pure 

dominants)      dominants)         recessives) 

Third  filial  generation  (F,)  D       ID  +  2D(R)  +  IR        R 

Let  us  take  as  an  illustration  from  among 
animals,  one  lately  well  illustrated  in  the 
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admirable  Evolutionary  Exhibition  of  the 
British  (Natural  History)  Museum.  When 
the  peculiar  ''waltzing  mJgf^''  aro  ^x*^fi^^.(^ 
^itih  T1(?r^^^  mipe.gd3sgntfe^inp-^  (V^)  flrf>  ^]] 

aoim^l.  The  waltzing  habit  ^'°  T-^o^°giy^ 
But  when  the  offspring  are  inbred,  their 
pr^g^ny  (F^)  fire  normal  mice  and  waltzing 
^ir^  in  ^^^  r'^^P^^ti^rLIlL^JLl'  The  reces- 
sive  waltzers  of  this  generation  might  be 
sold  as  pure  waltzers;  with  others  of  their 
kind  they  will  produce  only  waltzers  for  as 
many  generations  as  one  likes  to  breed  them. 
But  the  normals  of  the  same  generation  turn 
out  to  be  of  two  kinds — though  they  are  all 
alike  in  appearance:  ^one-third  of  them  (jyure 
(iommani?)  will  yif1H  only  ^^^mnl  mir^;  ^hf^ 
Oth^r,  twn.^hjff^^  {im/purp  domiriavf?) — will 
spltLufLagain,  when  inbred,  into  normal  mice 
and  waltzing  mice  in  the  old  proportions  of 
3:1.  Another  form  of  the  scheme  may  be 
used: — 


P 

Pi 

Fa 


'\d    :  .2D(R)    :   IR 


D  1D;2D(R}:1R         B 


:d 


-D     ID  i2D(R)  :aR     E. 


"B 
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It  is  interesting  now  to  inquire  into  the 
occurrence  of  this  remarkable  mode  of  in- 
heritance, which  is  seen  when  the  parent 
forms  have  opposite  or  contrasted  characters 
which  do  not  blend.  The  striking  fact  is  the 
d^vgrsity,  of  theu..org^nismii-in  which  it  h 


3i» 


^^  ^f^TT'^n'^^^^tpH  in  thf^  Rhnrt  ppr^*^  cin^^^ 
cattle,  poultry,  caxinrip^ I  nnnilsj  nilk-moths: 

Anotherstriking  fact  is  t]p^  gre^t  variety  of 
char.a£ters  to,whic|i  it  applies,  e.g.  sh,acje§  gf 
colour,  peculiarities  ol  fi|f  f^nd  fpntV|f^s> 
abnorrnal  ff^ptnye^  ]ikfv-  pTftrn  tofs,  su^jje 
q]|^]itiV«  h'kf^  ^ ^ brood ^'l^pss''  in  hpns.  early 
rjj^ening  or  Jjpiniiiiiity  to_^rust  in  wheat,  and 
so  on. 

Let  us  give  a  few  examples,  arranged  in 
parallel  columns. 

Animals 
Dnri^rrtq^jLf^  i;*^hnrq^(*ip,r .         Recesswe  character. 

Hornlessness  in  cattle.       Presence  of  horns. 

Normal  short  hair  in 
rabbits  and  guinea- 
pigs 

Short  tail  in  Manx  cat 
(somewhat  imper- 
fectly). 

Normal  movements  in 
mice. 


Long 
hair. 

Normal 
tail. 


'Angora'* 


length    of 


Waltzing  in  mice. 
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Crest  in  poultry. 
Rose    comb    and   Pea 

comb. 
Extra  toes. 
Broodiness. 

Unbanded  shell  in 
wood-snail. 


Absence  of  crest. 
Single  comb. 

Normal  four  toes. 
Absence    of    this 

instinct. 
Banded  shell. 


Plants 


Hgminant  character. 
Peas : — 
Tall  stems. 
Yellow  cotyledons. 
Brown-skinned  seeds. 
Round  seeds. 

Wheat:— 

Absence  of  awn. 
Rough  and  red  chaflf . 

Keeled  glumes. 
Flinty  endosperm. 
Susceptibility  to 
rust. 

Barley: — 

Two-rowed  ears. 

Nettles: — 

Markedly      dentate 
leaves. 


QCessive  character. 

Dwarf  stems. 
Green  cotyledons. 
White  seeds. 
Wrinkled  seeds. 

Presence  of  awn. 
Smooth    and    white 

chaff. 
Rounded  glumes. 
Floury  endosperm. 
Immunity  to  rust. 


Six-rowed  ears. 

Slightly  dentate 
leaves. 


So  far  we  have  stated  facts — the  results  of 
experiment — but  Mendel  also  suggested  an 
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interpretation  or  rationale  of  the  facts.  He 
made  the  j^nppo^gn'tion  tjiat  thp  prflnprn.tive 
^]U  f^y  {TaTTie^es  prorlnr^Arl  Ky  the  prnss-|irpHs 
(F-^)  ar^  of  two  kinds,  each  kind  bearing  only 
one  of  the  twn  i^nntran^ti^d  or  alternative 
chfl.rfl.^ter^^.  which,  as  we  have  seen,  4ft  ^nt_ 
^^^T^^  He  supposed  also  that  the  t^o  kinds 
are  prndnrH  ^^  ^pproTim^^^^^y  ^q"^1  nrn?- 
her/}.  Now  if  each  of  the  hybrids  of  the  F^ 
generation  produces  in  both  sexes  50  per 
cent,  of  its  germ-cells  bearing  the  dominant 
character  and  50  per  cent,  bearing  the  re- 
cessive character,  then,  if  fertilization  be 
fortuitous,  25  per  cent,  of  the  fertilized  egg- 
cells  will  bear  only  the  dominant  character, 
50  per  cent,  will  bear  both  the  dominant  and 
the  recessive  character  (only  the  former  being 
expressed  or  well  expressed  in  development), 
and  25  per  cent,  will  bear  only  the  recessive 
character.  This  is  called  the  theory  gf  tlip 
^ffrffr-^^fon  ^^  P^^^^  ya^metes.  and  it  is  the 
corner-stone  of  Mendelism.  A  scheme  will 
make  it  clearer: — 


Male  Cells. 


Female  Cells. 


■^    \PJ  '  '  '  vPv        ^  P^^®  dominant 


2  impure  dominants 


^  \^J  '  *  *  V  ^y      ^  P^^®  recessive 
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Mendel's  simple  theory  explains  the  defi- 
nite proportions  ID  -f  ^J)(R)  4-  1R.  nh- 
served  when  D  and  "p.  ave^  orn<^^^r\  It  has 
been  tested  in  various  ways,  for  instance,  by 
crossing  D(R)  ^i^h  D  or  y^^fh  R,  when,  a^s 

nrR^  nnd  D^  or  of  (PR)  and  R.  a^re  ohtaine(]. 
In  his  exceedingly  clear  exposition  of 
Mendehsm  (1905),  Professor  R.  C.  Punnett, 
himself  a  productive  investigator,  states  the 
characteristic  Mendelian  result  thus :  "  Wher- 
ever there  occurs  a  pairof  diffeypntiati'Tig  ohav^ 
^,^tcrs.  of  Y^h^'^^  ^^^  ^'^  dnminant  tn.thp  nthpr. 

thj-pp.  p(7^g|,m'|^ih'tif),g|  exist :   there  are  t-ppp^^^sivps 

-nrliiVTi  Q^^HYi^^  hrP^^  tn^fi  „to  ^he  rpoessivP! 
character;    th^rp  arp  dominant,,^  whlf^  ^TPf^f^ 

tpic  ^.^  t(^Q,fj|(^rr|  in  ant,  character  and  are  there- 
fore pure;   and  thirdly,  thp]-f|  ^^^^  dnT"^^^^^"^ 

vrrhinh  rriniT  |,n  nnllpH  i]j]pi]y'f^^  5^,p^  -^VnVh  nn 
gplf-fprtlU'/Qfinn     fr^v    j||^][^|»Pf.^j|^^^^     wherft    fhp 

sp-^ps  fjTP  sppar^,t^)  p^iye  both  dominant  afKl 
^^^^^iT/Y^  forms  in  fjip  fivArl  "^^^^^^^^^^  of 
three  of  the  former  to  one  of  the  latter." 

Bringing  the  theoretical  interpretation  into 
prominence — that  is,  the  theory  of  gametic 
segregation.  Professor  Bateson,  the  leader  of 
the  Mendelian  school  in  Britain,  says:  "The 
essential  part  of  the  discovery  is  the  evidence 
that  thg  germ-cells  or  gametes  produced  by 
cross-bred  organisms  ma.v  ^n  rpsppctjr^given 
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characters  be  of  t^p  pnrp  pnrpntnl  typpq^  flTirl 
cj^nseqnently  inc^p.-ihle  of  trnnsmitt,T>^  \he. 
opposite   njifiraf^ff^r;     that   whcii   such   pure 

iudiviHuals  so  formed  and  their  posterity  are, 
f r(^e,  f rni3]  all  taint  ^f  the  orci^^i  that  there 
may  be,  in  short,  perfect  or  almost  perfect 
discontinuity  between  these  germs  in  respect 
of  one  of  each  pair  of  opposite  characters." 
Tiiig  iripn  r^f  thf^  sfgrfgp^^^'^^  of  ^^h^  ^^Tninnn^ 
nnd  the  rn^^^^^iv^  "hnrn^t^rg  ^'n  twn  diffpfpi^t 
^ets  of  g^rm-cells  is  the  ess|finc;^e  ^f  Mendelian 

Before  passing  from  this  important  and 
fascinating  subject,  we  may  emphasize  two 
points.     There  is  no  duhiety  in  rpcflirti  to  ^^^ 

^^pti  ^^^m  tiO  bf  TipTi-Mendeli^ii  may  ^'^^ 

out  to  he  Mendeliptn — djggm'gpd  hy  jh^  ^^^- 

rlfT^ity  ^^  ^hf^  pnntrnQt    by^JafegartJon  he- 

t^r^pp     rlig^r^nf    pQir<;^    ^f    ^|^Qv^ptArg      ajQjl  by 

Yi4rnt  4fi  culled  inrornpletf^  dQ7^,i^^^^<^ — but 
there  is  no  mistaking  the  phenomena  of 
Mendelian  inheritance  in  their  typical  ex- 
pression. The  certainty  of  the  matter  is 
evident  from  the  success  with  which  the 
principle  has  already  been  used  in  prediction 
and  in  practice.     On  the  other  hanr^i  tt»pr^ 

^r^    ^l^V    ]^^nv    Jierit^hle    f^h^r^^^^^f^    -^diieh 

blend,  and  do  not  conform  tn  th^  M^nd^linn 
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iDode  of  inheritance.  In  illustration  we 
may  refer  to  hybrid  trout,  half-bred  sheep, 
and  mulattoes. 

Application  to  Evolution  Theory. — 
Like  Weismannism,  which  has  for  one  of  its 
foundations  the  idea  of  germinal  continuity, 
Mendelism  conceives  of  the  hereditary  |-e1a- 
tiojiiii-tke-^Jxict-^ense,  i,e,  not  as  between  the 
bodies  of  parent  and  offspring,  but  between 
the  pnr^ntpi^  s^nd,  t^f^  fi^'n,]  rtrm-nf^llfi 

Like  Weismannism,  which  has  for  another 
of  its  foundations  the  idea  of  determinants 
or  representative  particles  constituting  the 
mosaic  of  inheritance,  Mendelism  regards  the 
organism  as  built  up  oT"arniT|]ber  of  definitg, 
separably  iieritable  characters. 

Mendelism  has  thrown  light  on  at  least 
certain  kinds  of  variation,  those  which  are 
due  to  the  addition  or  omission  of  one  or  more 
definite  elements.  As  Bateson  puts  it: 
"With  the  development  of  the  inquiry  it  has 
become  clear  that  vgcialian,  in  so  far  as  it 
consists  in  the  omission  of  elementary  fac- 
tors, js^the  coT^^^eqii^QC^  ^f  Hi  p^^ng^  ^^  '^ifZlZ 
jjggkyag.  The  white  sweet  pea  was>reatec 
in  the  variation  by  which  one  of  the  colour- 
factors  was  dropped  out.  Such  variation  is 
not,  as  it  was  formerly  supposed  that  all 
variation  must  be,  a  progress  from  a  lower 
degree  of  complexity  to  a  higher,  but  the 
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converse.  When  from  a  single  wild  type 
Tiiirn  snof^fifHl.s^  prodiiinng  n  mnltitiidt^  of 
^^W  Y^rj^t^V'i'i^r  we  may  speak  of  the  result  as 
a  progress  in  differentiation:  but  we  must 
recognize  that  the  term  is  only  applicable 
loosely,  and  that  the  obvious  app^^rance  of 
increased  complexity  may  in  reality  be  the 
7Tnifp9|pp"'^f  a  process  of  simplification." 
^^ilarly,  '^reversion  occurs  wnen  the  sum 
otal  of  thelactons  rf^tiirns  to  that,  which  il 

^^  \}^^n  in  l^^^^^^^^^'T1n]  ^yp^''  The  re- 
turn may  be  brought  about  by  th^omibsion 
of  ^^J^^lepjjgQ^^r^^.^^ 
^lement.  Iic^tainKinasof  variation  may 
becalled  ^^unpackins^^'"  reversion  is  re- 
packin^r. 

In  discussing  the  bearing  of  Mendelism  on 
the  theory  of  evolution,  Bateson  makes  three 
important  suggestions.  (1)  "One  has  only 
to  glance  over  trays  of  birds'  skins,  the  port- 
folios of  a  herbarium,  or  drawers  of  butter- 
flies and  moths,  to  discover  abundant  '^peciesj 
which  are  analyti^^j  Yflrirt/K  ^  ?f  ^^^Ptp  ''  i-e, 
difpP!riy]g  in  the  presence  or  nhi'iP'l^^  of  ^^^- 
T)jj^factorsT  '  "l''he  principles  of  heredity  we 
trace  m  our  experimental  breeding  are  operat- 
ing throughout  the  natural  world  of  species.'' 
(2)  Thf>   fnpt    nf   rJisf^nntirmitv  in  variaiioj 


_^^^^^^^  ariauo^ 

whether  it  b£_g!^lled  intltaTfan  ui  suixigtEmg 

else,    IS    ^in^^^pbtpH^    but    hithprt'o    thprp    hn« 
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been  "nothing  to  indicate  how  or  when  it  was 
determined.  We  now  see  that  the  discon- 
timioiis  vaTJations  ^rf-  in  thp  main  f]]f-  pi^t- 

^P^y^PP!     of     pq|-rf^gpr>nrii'ng     IVT^nrlAKQT^     fnrtoriSj 

and  we  recognize  that  the  u^ity  of  these 
factors  is  a  consequence  of  the  mode  in  which 
they  flr^  tr^nt^d  by  the  ppll-divisinnsf  ^f 
p^nmpto-^eTiesis/'  (3)  "The  notion  that  a 
character  once  appearing  in  an  individual  is 
in  danger  of  obhteration  by  the  inter-crossing 
of  that  individual  with  others  lacking  that 
character  proves  to  be  unreal;   because  in  so 

i^v  pi;^  th^  nil  n  rant  AT*  ^^p^pHs  nn  ianfnr'^  WTh\^h 

^pgrpff'^^^^i  ^0  ftHitif^^^^^^  ^ti^^^?  p^pp  The 
fjjVtifirri  iITm  pprmtin^""^  by  virtl^^  ^f  thrir  OTi^n 

prnpprtjpgtj      ?^,f)d     th^|^     pp|.yy^py^^r.r>r.     .'o     t.^4^ 

aff(^(^tiP(l  Kjy  (^yncisinpi'  ..."  Morcovcr,  he 
continues,  "The  conception  of  Evolution  as 
proceeding  through  the  gradual  transforma- 
tion  of  masses  of  individuals  by  the  acg^mu- 

^^ic!i]L2f  imp-^^p^i^^^  ^hfiPfT^gJg  9^^  th^^  ^^^ 
study  of  genptipfi..fi>inwq  ju^n^f^d^'^^^^^ -^^  ^^ 
ialse^  Once  for  all,  that  burden  so  gratui- 
tously undertaken  in  ignorance  of  genetic 
physiology  by  the  evolutionists  of  the  last 
century  must  be  cast  into  oblivion.  For  the 
fr^nfg  ^f  hp^'^^^'^y  ^^^  Ynrirfl^^'^^  ^nit^  \r 
prove  that  ffpn^tjp  ynrifltinn  in  a  pliriininmrn 
nf    individuals.      Each    new    character    is 
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fQrgi^d  in.,.SQma  jyerm-cell  of  somfi  particular 
JiaiiividuaL,  at  some  point  of  time^'^ 

The  issue  at  present  seems  to  be  this,  that 

there    are    characters    whi^];i    blend when 

cro.^^sed>    flnH    nthprs    whiVh    spgrpgqfp    whpn 

crgssec^.  Patient  work  is  necessary  in  order 
to  test  these  two  groups  and  to  discover  what 
is  the  criterion  of  blending  and  alternating 
respectively.  In  his  interesting  work  on 
*' Hereditary  Characters,"  Dr.  Charles  E. 
Walker  maintains  the  thesis  that  racAqJ, 
f>|iaraeters  tpj;^rl  to  blend  ^nH  thnt  infJimrlnnl 

or  ]VrpT^^ph'a.Ti  mannpr 

Origin  of  Variations. — Since  variations 
form  the  raw  materials  of  evolution,  it 
would  be  satisfactory  if  we  could  conclude 
this  chapter  by  stating  how  they  arise.  But 
that  is  quite  impossible  at  present.  We 
know  very  little  that  is  certain  in  regard  to 
the  originative  factors  in  evolution.  We 
must  still  confess,  with  Darwin:  "Our 
ignorance  of  the  laws  of  variation  is  pro- 
found." It  may  be  of  interest,  however,  to 
notice  some  of  the  suggestions  that  have 
been  made  in  regard  to  this  fascinating 
problem. 

There  are  variations  whieh  ^enr>  fluprnen- 
f^tinri  c\j*  diminution,  or  re-arrf^^pgemppf  ^tF 
already    e^^^sting    qualities.      Now,    if    the 
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hereditary  qualities  are  carried  by  represent- 
ative particles  in  the  germ-cells,  we  can  in  a 
measure  understand  the  origin  of  the  kind 
of  variation  referred  to;  fQ£,£2Ltraordinarily 
intricate  nermiitat.ions  and  yiomhi'Tinti^Tis  g^o 
(;}\\  in  ,the  microcosm  of  the  gfrm-^^plk 
Particularly  in  the  procpss  of  Tnatiimti^)]^  ia 
there  what  we  mightxall  a  shuflF|iTi|f|'  nf  tViP! 
Qards — even  a  throwing  away  of  half  of  the 
pacE.  In  fertilization^  again,  paternal  and 
maternal  contributions  form  a  ne\y  umtv. 
Perhaps  there  may  be,  as  Weismann  sup- 
poses, a  struggle  between  rival  hereditary 
items. 

But  ther^  seems  Vq  be  ano|^|]^f  ]fir>rl  r.^ 
vaTi'fltion.  f]|iin]ita.tive  rather  than  guantita- 
iiiie,  siihi"it.nntiy^  ra,tihfr  ^1^^^  architectural. 
when  something  distinct! velv  ne^y  ^ppp^^^-g 
What  can  be  said  as  to  their  origin?  Weis- 
mann has  suggested  that  the  oscillations  and 
changes  in  the  blood  and  other  nutritive 
fluids  may  stimulate  the  germ-plasm  to  a  new 
departure.  It  may  also  be  that  important 
changes  in  the  environment  may  saturate 
through  the  body  and  provoke  the  germ- 
plasm  to  vary.  There  are  other  "may 
be's.'^ 

With  all  recognition  and  appreciation  of 
the  work  and  thought  above  summarized, 
we  cannot  but  think  that  the  secret  of  varia- 
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bility  lies  yet  deeper,  in  the  very  nscture  of 
^e  living^  organism   itself.     It  has  been  a 
/   Proteus  from  the  first;    ghan^efulness  is  its 
^     \    most  abiding  anaHtv:    in  short,  t^e  essenn^ 
\  of  the  Cfe^tnre  is  its  innate  r^ppi.^ivpness. 


CHAPTER  V 

SELECTION 

Huxley  on  "The  Quintessence  of  Darwinism" — Analytic 
Abstract  of  "The  Origin  of  Species"  (Variation  under 
Domestication  —  Artificial  Selection  —  Variation  under 
Natural  Conditions  —  Struggle  for  Existence  —  Natural 
Selection) 

The  Case  for  Natural  Selection — Direct  Evidence  of  Natural 
Selection — Implications  of  the  Concept  of  Natural  Selec- 
tion— Different  Kinds  of  Selection  (Sexual  Selection  — ■ 
Germinal  Selection) — Family  and  Group  Selection — Auxil- 
iary Hypothesis  of  Isolation — Eugenics  as  a  Renewal  of 
Evolution. 

D^t^wtn'Pi  «]/j*^^'Q^r/^Tvior.f  in  "The  Origin  of 
Species"  was  twofold.  In  the  first  p'ace, 
he  prp,g|fnted  the  jeyi^ences,  of  the  fa^t  of 
^^i^U**4Lmi    qn  fr>rniV>1y   gtn^    SO  fairly  that  hp 

hin  vradnrs.  Indeed,  he  made  the  world 
"think  in  terms  of  evolution."  In  the  second 
place,  in  his  tfaegyv  of  Nf\tinr^^°  ■^^^tJPS  ^^ 
hpj;^ditf]l,ry  Yg^'n^l^r^  hp  #>»iTn  71  n^iisn|f  inter- 
rfftifltiip^  ^^  ^hf  f^Sff-^^^n^  process  of  Becoming. 
He  made  the  evolution  idea  current  intellec- 
tual coin;  but  his  success  hi  making  the  fact 
clear  and  credible  was  in  part  due  to  his 
discovery  of  one  of  the  chief  factors. 

143 
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Huxley  on  "The  Quintessence  of 
Darwinism."  — Huxley  made  this  distinc- 
tion between  fact  and  factors  very  plain  in 
his  essay  '^On  the  Reception  of  the  Origin 
of  Species"  in  Darwin's  "Life  and  Letters." 
He  first  states  the  grounds  of  his  own 
agnostic  position  (up  to  1858)  with  respect 
to  the  doctrine  of  evolution  as  promulgated 
by  Lamarck,  Robert  Chambers,  and  even 
Spencer:  "Firstly,  that  up  to  that  time  the 
evidence  in  favour  of  transmutation  was 
wholly  insufficient;  and,  secondly,  no  sug- 
gestion respecting  the  causes  of  the  trans- 
mutation assumed,  which  had  been  made, 
was  in  any  way  adequate  to  explain  the 
phenomena." 

He  goes  on  to  say: — 

* ' Thp!   <:;ijff^i^g;tion    that  new   speciesjiay 

reS^ult    frQF>,  tV>A    g^1pf>ti\ro    ^^f^fj^P    ^^   pvtprnal 

ffindiiii^^g  npon  fVip  vnrintinns  from  thf^r 
^specificJtijjpe  which  individuals  present — and 
which  we  call  "spontaneous"  because  we 
are  ignorant  of  their  causation — is  as  wholly 
unknown  to  the  historian  of  scientitic  ideaa 

^a?  it.  wa^^  to  biologio^l  <^ppoiah'.g;ts  bpfai:^V-1.8ii8. 

But  that  suggestion  is  the  central  idea  of  the 
'Origin  of    Species,'  and  contains  the  quin- 
tessence of  Darwinism.  .  .  .  That  which  we    ■ 
were  looking  for,  and  could  not  find,  was  an     \ 
hypothesis  respecting  the  origin  of  known 
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organic  forms  which  assumed  the  operation 
of  no  causes  but  such  as  could  be  proved 
to  be  actually  at  work.  We  wanted,  not  to 
pin  our  faith  to  that  or  any  other  speculation, 
but  to  get  hold  of  clear  and  definite  concep- 
tions which  could  be  brought  face  to  face 
with  facts  and  have  their  validity  tested. 
The  'Origin'  provided  us  with  the  working 
hypothesis  we  sought.  .  .  ." 

Of  "the  quintessence  of  Darwinism,"  then, 
a  brief  account  is  needed,  and  this  may  be 
best  given  by  following  as  closely  as  possible 
upon  the  lines  of  the  magnum  opus  itself, 
although  the  full  title  of  this— "The  Or^'^in 
_of  Species  by  m^f^T^s  of  Natup.1  Sel(;^(;-tion.  or 
ttt^  Preservation  of  Favoured  Races  in,  thy 
S^t.nig-g-[e  ^fqr,  Life."  is  its  own  best  and 
briefest  summary. 

Analysis  of  "The  Origin  of  Species." 
— After  mentioning  that  his  first  light  upon 
the  origin  of  species  was  derived  from  his 
early  distributional  studies,  Darwin  points 
out  that  "a  naturalist,  reflecting  on  the 
mutual  affinities  of  organic  beings,  on  their 
embryological  relations,  their  geographical 
distribution,  geological  succession,  and  such 
other  facts,  might  comr  to  the  norirhriinn 
tbjit  ,gspppTpg;  hnrl  not  bo^n  ind^pen^igirbly 
created-^hut  had  descender]  J ikp  vanplies 
fron   ot.hfr  .species      Nevertheless,   such  a 
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conclusion,  even  if  well  founded,  would  be 
unsatisfactory  unless  it  could  be  shown  how 
the  innumerable  species  inhabiting  this  world 
have  been  modified  so  as  to  acquire  that  per- 
fection of  structure  and  co-adaptation  which 
justly  excites  our  admiration."  Again,  "It 
is   therefore   of  the  highest  importance   to 

gain  a  pIp^t  iTisip-ht  intn  tViP  rm^^^^i  nf  tyioHi*. 

fication  and  co-adaptation.  At  the  com- 
mencement  of  my  observations  it  seemed  to 
me  probable  that  a  careful  study  of  domesti- 
cated animals  and  cultivated  plants  would 
offer  the  best  chance  of  making  out  this 
obscure  problem.  Nor  have  I  been  disap- 
pointed: in  this  and  in  all  other  perplex- 
ing cases  I  have  invariably  found  that  our 
knowledge,  imperfect  though  it  be,  of  varia- 
tion under  domestication  affords  the  best 
and    safest    clue."       It  -Y((\^    fheve^nr^.    with 

variation  under  domestication,.tliat  he^  began 
hisjbook. 

VARIATION      UNDER      DOMESTICATION. — A 

comparison  between  the  individuals  of^ 
V^^^^f^d  or  domesti^^^^  't^^^nr^^y'  shows  a. 
SeeatecjkSIgi^  of  ynrirlitirxi  than  J:here  ob- 
tains hqtween  t|Te  individuals  of  a.  wil(l 
_species  or  I'vnri^^ty '^^  Th^  higher  variability 
of  domestic  productions  is  to  be  ascribed  to 
the  Igss  uniform  conditions  of  thrir  ucll 
J^lillgijag^perhaps  in  part  to  excess  of  food. 
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TSvposiire  Ig  tipw  Pnn^jti'oT^,^  Tmisf.  Tifijv^Hr 
tinued  for  generations  to  set  up  any  great 
v^rintfnri!  Dut  this,  once  Set  up,  continues 
indefinitely.  Changed  conditions  i^ay  dir 
rectly  in'Suence  the  who^p  nrg5^,]7|7;piinn  of 
the  creature  or  certain  parts  alone;  or  f})^y 
rfiay  act,  J^dirfr^fly  through  the  reprndup±ivf> 
system.     With  respect  to  the  direct  action, 

^iiun^  ^^^  rr^^T^f^  ^^^n  th^^  ^^  ^^'^  pn^(^jtin^<g- 
The  effect  on  the  offspring  may  be  definite: 
e.g,  size  m^y  depend  unnn  ^he  amnnnt  nf 
£nnd  .polQiir  upon  quP^^'^^Y  ^^  f pltf^ ,  tbipVpega 
^f  sVin  viTid  h^nir  upon  oh'mRle.  etc.  But 
indefinite  variabihty  is  a  much  commoner 
result  of  changed  conditions,  and  has  prob- 
ably played  a  more  important  part  in  the 
formation  of  our  domestic  races,     The^re- 

Yfry  sh'ght  nftfirnf^l  vhnnges  Many  plants 
and  animals  will  not  reproduce  in  domesti- 
cation, even  though  individually  vigorous; 
others,  though  weak  and  sickly,  breed  freely. 
Hence  we  need  not  be  surprised  at  the 
reproductive  system  acting  irregularly  and 
producing  variations.  But  that  variation  is 
not  exclusively  associated  with  sexual  re- 
production is  demonstrated  by  the  case  of 
plants  "sporting"  through  bud-variation. 
Such  cases,  moreover,  prove  that  the  nature 
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of  the  organism  counts  for  more  than  the 
conditions. 

Changed  habits,  e.g.  changes  in  the  de- 
gree of  use  or  disuse  of  a  part,  produce  an 
inheritedeUent.  witrif^ss  thf^  liVhtpr  wing- 
bones  and  heavier  leg-bones  of  the  domestic 
duck,  or  the  enlarged  udders  of  cows. 

Variations  are  often  definitely  correlated: 
thus  short-beaked  pigeons  have  small  feet; 
hairless  dogs  have  imperfect  teeth;  and 
blue-eyed  white  tom-cats  are  deaf,  jlence. 
^^^^^tio^    ^f   nny   on(T   rhnracter   will   probr 

ably  modify  nthfi|-,«=;  indjypf-tly 

Although  the  laws  of  inheritance  are 
mostly  unknown,  it  seems  that  probably 
mnsti  if  not  {\\\,  fjiaracters  tend  to  be  in^ 
herited.  There  is  no  satisfactory  evidence 
to  support  the  popular  idea  that  domestic 
varieties  revert  to^tlie  'priiriltiVe"  stcrfek  ^hen 
they  run  wild.  Reversions  occasionally 
ocf^ur  m  dniTipgtjpatinTi  but  there  is  no  gen- 
eral tendency  to  lose  what  has  been  gained 
— apart,  of  course,  from  breeding  with  wild 
stocks,  or  with  other  domesticated  ones. 

Except  in  being  V^^  ur^'^nrm  thnn  ufttnral 
sppci<j»s^  in  j^lteiv-diffpring  moro  widdy  ia  a- 
single  part,  and  in  hdnp-  fertile  when  crossed, 
^hfr^   nr^   n/>  wf*ll-mnr1^^d    digtiTirtion,^;;   bp- 

t^f^pn-  our    rlrm^rintiti   na^P,<;|    anri    tlip    ^r^-Pf^llprl 

true  species  of  a  ^enus.    The  many  breeds  of 
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dogs  and  cattle  may  have  arisen  from  more 
than  one  species;  but  probably  those  of 
horses  and  fowls,  and  clearly  those  of  rabbits, 
ducks  and  pigeons,  are  each  descended  from 
a  single  wild  species.  At  least  a  score  of 
varieties  of  pigeon  might  be  chosen  which 
differ  so  thoroughly,  internally  as  well  as 
externally,  that  an  ornithologist,  treating 
them  as  wild  birds,  would  be  compelled  to 
grant  them  specific,  and  even  distinct  ge- 
neric rank.  Yet,  since  all  these  have  indis- 
putably arisen  from  the  wild  rock-dove,  it 
is  clear  that  naturalists  who  admit  a  unity 
to  such  domestic  races,  which  professed 
breeders  have  often  laughed  to  scorn,  should 
in  turn  be  cautious  before  deriding  the  unity 
of  wild  ones. 

^ 43£^ISt^  aL,^Jl  ^^iE?!?^i? — How,  then^  haye 
dgmesucraces  peenpr^  ?  By  external 
conditions  or  habits  alone .^     Qn^^,of  their 

tel]-ta1e^fpntnrps  is  in  f^^Libiting  Qrlopl^lJQng^ 

not  to  Jhf^ir  own  gnodj  hut  to  mnn's  usn  .Qr 
f^ncy.  We  know  that  all  the  breeds  were 
not  produced  in  their  present  state  of  per- 
fection, and  the  key  is  man'gf  ^r^r>]]|nnloti-i7Q 
Section.  Nature  ^ives  successive  va^^i^iioup ; 
man  adds  tliem  upj  mjikinfiLforTimseK  us&= 
ful  breeds.  Skilful  breeders  speak  of  the 
organization  as  plastic  and  under  control, 
and  have  effected  great  changes  within  our 
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own     generation.       Unconscious     selection, 
\^ich    results    from    every    one    t^yn^g    to 

possess    and    breed    tliP    V>p^t    fnrliNnVlnalsr    la 

pypn  j};\qr^  \jinj^(^yff\r}r  The  accumulation  of 
change  which  man  effects  explains  why  we 
so  often  cannot  recognize  the  wild  parent 
stocks  of  our  cultivated  plants,  while  its 
absence  in  countries  inhabited  by  uncivilized 
man  explains  why  these  never  yield  plants 
worth  immediate  culture.  ]yr(j.p's  poxyer  of 
sp]ff>tinn  is  ff^r^h'tated  by  keeping  lar^e  num^ 
herfi,  in  which  variations  are  more  likelv  to 
occur.  Facilitv  in  preventing  crosses  is^ 
PilsP  v^  ''^r'^rtifliTirP  e.g.  in  the  case  of  pigeons 
as  contrasted  with  cats;  some  species  are, 
however,  less  variable  than  others,  e.g.  the 
goose. 

jXruSAL  Conditions^ 
es  arise  even   in  the 

F>p.  ir|]^p^it^d!  hence  they  afford  material  for 
.natural  selection  ^r^  ^^^  ^y  ^t\4  ^f*^iiTnn1a.tR- 
precisely  as  they  would  for  human  selection. 
(It  may  be  that  genera  with  large  num- 
bers of  slightly  different  species — e.g.  rose, 
bramble  and  hawkweed — owe  their  protean 
character  to  their  variations  being  of  no 
service  or  disservice,  and  consequently  not 
being  acted  on  by  natural  selection,)  In 
determining  whether  groups  of  similar  forms 
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should  be  ranked  as  species  or  as  varieties, 
the  opinion  of  naturahsts  of  sound  judg- 
ment and  wide  experience  is  the  only  guide, 
yet  this  lacks  unanimity:  for  example,  of 
the  polymorphic  genera  {i.e,  rich  in  species 
with  a  small  range  of  differences)  in  the 
British  flora  alone,  Bentham  reckons  112 
species,  but  Babington  251.  Wallace  has 
shown  that  no  certain  criterion  can  be  given 
by  which  to  define  his  own  convenient  work- 
ing categories  of  Malayan  butterflies  and 
moths,  viz.  variable  forms,  local  forms,  sub- 
species, and  representative  species.  As  De 
CandoUe  concluded  from  his  monograph  on 
oaks  (in  which  he  shows  at  least  two-thirds 
of  his  300  species  to  be  provisional),  "so 
long  as  a  genus  is  imperfectly  known  and 
its  species  founded  upon  a  few  specimens" 
they  seem  clearly  limited;  but,  "just  as  we 
come  to  know  them  better,  intermediate 
forms  flow  in  and  doubts  as  to^pooifig  limita 
augment."     The  terms  vRj-jpty  nnd  spccif^g 

ATP     thiTg     QrKifrcirily     npHJ^^     t^     inrl^f^n«Kli> 

dividuals.  Common  species  that  range  wide 
and  are  much  diffused  are  those  which  vary 

most.       Thf^    "^jpf^cif^.g    nf    i\)^   hrff^T    g^Tifrn    in 

^ountryjv^T^^jQi:ja.^^re2^  ^^han  the 
smecies  of  tfie  _s1inalW_g^n^vf^  The  species 
of  large  genera  present  strong  analogies  with 
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varieties,    which   suggests   ^^^^^   th^y   ^^%^*- 

Struggle  for  Existence. — The  term 
^'struggle  for  eyj^^t.^nce''  is  used  in  a  large 
and  metaphorical  sense,  including  depend- 
jpupp  ^f  priP  bdnp;  "pon  ^,n^tlier,_  and  "em- 
bracing fwhich  is  more  important)  not  only 
t^p  lifp  nf  thff  ipjiYidiiRl  but  success  in, 
Ui^^nr^ff  py-ngpy^v  From  the  high  (geo- 
metrical) rate  of  increase  of  all  organic  be- 
ings (even  the  slow  breeders  requiring  only 
a  few  more  years  to  people  a  whole  district) 
struggle   inevitaj^ly   f ollo\ys.    either   one   in- 

hNnrlnal  wifli  onntViPr  nf  ih^  g^^^f^  <i;pecjeS- 
on^nth  the  individiiflk  of  a  d[«^t,||](^t  sppnVs. 

oL-mfckJh^  physiVal  rnnditionsje»f-4tfe.  It  is 
the  doctrine  of  Malthus  applied  with  mani- 
fold force  to  the  entire  animal  and  vegetable 
kingdoms,  for  in  this  case  there  can  be  no 
artificial  increase  of  food  and  no  prudential 
restraints  from  marriage. 

Th?  ^hfi'kii  tiO  ir^^^n'^^  ff^^  y^ry  o^°mr^ 

°^d  pJnipt.^^ii^^^TYinstly  f^g  <>;^edhnp-s.  both  from 
germinating  on  ground  already  occupied  and 
from  animals.  The  amoi,|fit  of  foj^dr^of 
^ffllfi??!  crivf^^  th^  iPYtreme  li^^'^^f  mnihfiT' 
very  frequently,  however,  the  check  is 
given  by  the  attacks  of  enemies,  as  on  gam^ 
bv  ''vernijpa.^^''^^han^es^orclimaie  play  an 
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important  part,  and  periodical  seasons  of 
extreme  ("o1d}^fi ye  destroyed  as  many  as  i'our- 
fjfths  of  thp  loiyd  oLan  ot^served  area!  ]^i- 
jdfiioica^too,  may  occur.  In  many  a  species 
a  large  stock  of  individuals  is  often  essential 
to  its  continuance. 

Complex  and  unexpected  checks  and  re- 
lations exist  between  organic  beings  which 
have  to  struggle  together;  witness  the  pro- 
found alteration  of  the  flora  and  fauna  of  a 
heath  when  planted  with  Scots  pine,  these 
again  being  wholly  dependent  upon  the  ex- 
clusion of  cattle.  But  in  several  parts  of 
the  world  insects  determine  the  existence  of 
cattle.  Again,  red  clover  depends  for  fertil- 
le  humble-bees,  these  upon 

fl^ng  indirpptily  upon  f]\?  number  of  cats. 
Hence  no  bees,  no  clover,  and  the  more  cats, 
the  more  clover. 

Ths^stru^gle  will  almost  invariably  be 
most  sp^rer^bi! Lvve.cn  Ihe-indiyidjjals^^the 
srny^p  ,c;ppr>ipg  for  they  frequent  the  same 
districts,  require  the  same  food,  and  are  ex- 
posed to  the  same  dangers.  In  the  case  of 
varieties  of  the  same  species,  the  struggle 
will  generally  be  almost  equally  severe,  and 
we  sometimes  see  the  contest  soon  decided 
(as  in  the  case  of  varieties  of  wheat  or  of 
sweet  pea,  of  the  mountain  sheep  or  of  the 
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medicinal  leech).  Similarly,  the  struggle  hp- 
tween  species  of  the  same  ^pmi^  will  rmrrfllly 
he,  TT^nrf^  gf^ye^^  thnu  b^tw^^Ti  tho  rprnVi  nf 
distinct  genera.  This  is  illustrated  by  the 
inevitable  replacement  of  the  black  rat  by 
the  brown,  or  of  the  large  cockroach  by  the 
small.       The_  structure     of     every   nrgnT]isTn 

it    pmnpPtPs^    ivnjj]    y^hJch    it    esnapps.    or    nn^ 

^Jnhi  i^  pr^^^-  witness  alike  the  teeth 
and  talons  of  the  tiger,  or  the  legs  and 
claws  of  the  parasite  clinging  to  his  hair. 
The  albumen  of  a  seedling  favours  its  strug- 
gle with  plants  already  growing  around  it. 
Darwin  goes  on  to  speak  of  two  "canine 
animals"  struggling  with  each  other  in  a 
time  of  dearth;  of  mistletoe  versus  mistletoe 
on  the  same  branch;  of  mistletoe  versus  other 
fruit-bearing  plants;  of  a  plant  on  the  edge 
of  the  desert  in  days  of  drought;  and  then 
says,  "In  these  several  senses,  which  pass 
into  each  other,  I  use,  for  convenience'  sake, 
the  general  term  of  Struggle  for  Existence." 
NatttraT;  ^^fij.F.cyi^N. — How  will  this 
struggle  for  existence  act  in  regard  to  varia- 
tion.? Can  the  principle  of  selection,  so  po- 
tent in  the  hands  of  man,  apply  under 
Nature.?  Most  efficiently;  for,  when  we  bear 
in  mind  the  .constant  occur j-fnf^f;  pf  v^ri^^rL. 
\g:ith  the  StrengtE^pTtl^e^  he.rgdi1;jj,^y  ^.f^ndf^pcy- 
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alfio  }}qYl  i^fin^'^^^y  ^^^^^  ^^^  complex  are  the 

othf^^  apd  to  their  plivsiofl]  mnriitim^s  r>f  lifp^ 
and  consequently  what  infinitely  varied 
diversities  of  structure  might  be  of  use  to 
each  being  under  changing  conditions  of  life, 
can  it  be  thought  improbable,  seeing  that 
variations  useful  to  man  have  undoubtedly 

pccurj:e4  ^^^^  ^thfr  ynr^tioTii^,  nnff"J  V 
some  wav:,  ta  each  beinff  in  the  prjoat  and 
QQjQiplex  battle  of  life;  should  nnj^nr.  in .  the- 
CQurse  9f  manv  generations?  And  if  such  do 
occur,  can  we  doubt  (remembering  that  many 
more  individuals  are  born  than  can  possibly 
survive)  that  individuals  having  anv  a^- 
vfl,|]tage,  howmrnr  nh'fiiht  nMrv  thejr  felloes 
Tvgilld  ^^^^^  ^^^^  ^^^^  oVioTioo  r.f  surviving  and 
^i  prorrpp^^'^g  thei^  in'nd?  On  the  other 
hand,  we  may  feel  sure  that  anv  v^fpifition  in 
thn    ]nnai.  ^pg-rPf^    injnrjons    would    he   inevi- 

T|^is  prpsiprvaiion  oL,f9vmirab]p  f^nd  thj« 
istruction  of  injurious  Y{^,riatioTLsuft4>g  jcallf^fl 
natural  selection,  or,  less  metaphorically,  the 
snrvivf^l  of  the  fittest,  the  one  term  referring 
mainly  to  the  process,  the  other  to  the  result. 
The  probable  course  of  natural  selection  may 
be  understood  from  the  case  of  a  country 
undergoing  change  of  climate.  The  pro- 
portional numerical  strengths  of  its  species 
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will  be  changed;  some  will  probably  become 
extinct;  and  these  changes  will  seriously 
affect  the  others.  Immigration  of  new  forms 
might  also  occur,  with  further  serious  dis- 
turbance; or,  where  this  is  impossible,  there 
will  be  places  in  the  economy  of  Nature 
which  might  be  better  filled  up.  In  such 
cases  slight  changes  in  structure  or  habit 
which  in  any  way  favoured  the  individuals 
of  any  species,  by  adapting  them  better  to 
their  altered  conditions,  would  tend  to  be 
preserved,  and  natural  selection  would  have 
free    scope   for   its    work   of   improvement. 

Jiility. 

^1^    mnr    produces    ^reat    results    by    his^ 

.^j^^j^n  f;ffppt?  Man  selects  only  for  his 
own  purposes,  "^atiiyp  fr>r  tihe  good  of  the 
creature  itself:  man  on  the  nTore  external 
characters  (he  has  become  more  adventurous 
since  Darwin's  day),  IS^atnrf  on  thp  whnlp. 
Y^jpoTn'ripyy  /2J-4yfc> »  man  irrcgularly  and  im- 
perfectly for  a  short  time,  IV^tjirP  bv  con- 

Pfitifluis.  Natural  selection  is  daily  and 
hourly  scrutinizing,  throughout  the  world, 
the  slightest  variations,  rejecting  those  that 
are  bad,  preserving  and  adding  up  all  that  are 
good,  silently  ajid  insensibly  working,  when** 
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ever  and  wherever  opportunity  offers,  at  the 
improvement  of  each  organic  being  in  relation 
to  its  animate  and  inanimate  conditions  of 
life.  It  may  operate  on  characters  which 
we  are  apt  to  consider  of  very  trifling  im- 
portance, and  its  fl.Cf-nninl^tiV^^  of  sinall 
Tftr]ntinnsj;21X  °^ti  ^T  ^in^^P(^^^^d  corr^kuty^e 
j^h^pgesf.  It  jnay^  affect  the  egg,  the  seed,  or 
the  young  as  easily  as  the  adult;  itjJlia^-ada^Ef 
the  structure  of  ymmp;  tg  p^^i-pnt  and  of 
parent  to  young;  and  in  social  animals  it  may 
aSapt  ih^  strTj^t^^rp  nf  Pa,yTi  for  the  benefit 
of  all.  In  the  later  editions  of  the  "Origin'* 
a  brief  account  of  sexual  selection  is  given 
at  this  point. 

The  theory  of  natural  selection  is  then 
illustrated  by  particular  instances.  Thus 
Darwip  pictures  the  formation  of  swift 
varieties  of  wolves,  much  in  the  same  way 
as  greyhounds  have  been  evolved  by  man. 
Or,  again,  he^  refers  to  the  '^f rrp^^'nn  ^^ 
T>eptar  by  flowers,  its  use  to  insects,  the 
action  of  these  in  carrying  the  fertilizing 
pollen,  its  advantage  in  intercrossing,  and  the 
resultant^finely  adjijii^H  prlppt^tJOTI  0^  A^^wf^ 
and  insect  to  each, other  throufyh  th^^  pres^ 

variations. 

Circumstances  favourable  for  the  pro- 
duction of  new  forms  through  natural  selec- 


tion  are  great  variabililv,  large  TmmTifrs  of 
iudiidillials,  the  pj^mplpy  ^ff^/^fg  r^f  \r^\^^. 
crossing,  isolatiftp  in  confined  areas  (yet 
probably  still  more  ^^  ^ij^tP^^^'^^  c\^rc^r>  nr^r^. 
^[JTK^Ptff^  5trp^g,  especially  if  oscillating  in 
level),  and  considerable  lapse  pf  tirpp.  But 
the  lapse  of  time  by  itself  must  not  be  sup- 
posed to  do  anything  (as  if  the  forms  of  life 
were  undergoing  change  by  some  innate 
law),  but  merely  to  afford  increased  oppor- 
tunity for  variation  and  environmental 
change.  "E^tinf^tir^^j  ^^  ^rhinh  r^^re  ^j^p^^f^jf^a 
nrr  on  thr  woiy,  i^  thp  lai^t  word  ^f  natural 

The  divergence  of  character  brought  about 
by  artificial  selection  in  domestic  breeds  is 
eflSciently  paralleled  in  Nature,  since  the 
more  fjiyers^'fied  the  offspring  of  each  species. 

the  econoniv  of  Nature,  and  so  increase  in 

be  supported  by  increasedl  diversjfjfflt^'o^  ^^ 
fitfiipture^  each  species  being;  adapted  f<f  a. 

part|c^y]f^r  Sf^f  fff  r^^^^'^^'^"^^        TViig    rl iNr^i^fy^n op> 

of  character,  with  extinction  of  intermediate 
forms,  explains  the  diflSculties  of  classification 
— of  making  a  genealogical  tree  which  will 
express  the  facts  of  the^^case  and  represent 
diagrammatically  *'the  great  tree  of  life, 
which  fills  with  its  dead  and  broken  branches 
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the  crust  of  the  earth  and  covers  the  sur- 
face with  its  ever-branching  and  beautiful 
ramifications. " 

Darwin's  Summary. — The  preceding  sum- 
mary of  the  classical  statement  of  the  doc- 
trine of  natural  selection  should  be  supple- 
mented by  reference  not  only  to  the  original 
work,  to  the  corroborative  labours  of  its 
author,  to  the  able  independent  treatise 
("Natural  Selection")  of  Wallace,  and  to  the 
synthetic  treatments  of  the  whole  subject  of 
evolution  given  by  Haeckel  in  his  "  Generelle 
Morphologic,"  and  by  Spencer  in  his  "Prin- 
ciples of  Biology,"  but  to  the  enormous  mass 
of  exposition,  argument  and  illustration 
accumulated  by  subsequent  writers,  com- 
mencing with  Hooker  and  Asa  Gray,  Huxley 
and  Haeckel,  but  soon  becoming  too  numer- 
ous for  mention.  We  indicate,  however, 
a  few  convenient  recent  summaries  in  the 
"Bibliography"  at  the  close  of  this  volume. 

But  while  we  must  avoid  the  error  of  sup- 
posing that  the  last  word  on  natural  selection 
was  said  by  Darwin,  or  that  there  is  not  still 
abundant    opportunity    both    for   reflection         i 


clear  as  to  the  essential  simplicity 


and  research  in  regard  to  it,  we  must  be  /u.  aJ  ' 

of  the  F,  • 
general  theory.    .Darwin  himself  summed 
up  in  a  couple  of  sentences:    "Asj3Q,ailX-iQjo«e 
individuals  of  eac|i  ^gipegies  av^.  hnrj]  than^ 


^t  i^' 
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possibly  survive,  and  as,  consequently,  there 

IS  freqi^ently  rppurnng  fttoigg'P  fof  ^^^'^tPPff^ 

iti  fnllffw^  that  nny  v^^^'^ff,  ^^  if-yoT^y  j^^w^yp^ 

slj^htly  in  ^pv  vni^T\ryev  profitable  to  itself, 
under,  thp  romplp-Y  nr^H  somf^timps  vpryipg^ 
ftonrlJIJ^Tis  of  1^'^^  -Will  bavi^  n  j^^ttp^  oh  a  nop 
of  survivJng.  and  thus  be  naturally  selected. 
From  the  strong  principle  of  inheritance 
fl(Py  Hf^r^^^  vpriVly  -^r^]]  tend  to  propngnte 

\u  T1PW  Q.Tid  TnoHifipfl  form  " 

There  are  here  three  main  propositions: — 

(1)  Variability  is  a  f^nt  gf  )ifp  Variations 
are  of  frequent  occurrence,  and  som^  of  them 

^P  pprtainly  trap^^i^.'^jbl^" 

(2)  Living  creature^  are  very  prolifiCp  ^hfr 
q]ajnrity  ^V  YQU^g  There  is  a  ceaseless 
struggle  for  existence  and  the  web  of  inter- 
relations is  such  that  e ^efl^minute^y ar^' ^ 1 1 r^n q 

mpy  dptf^frnji^^  snrvjyal 

(3)  If  variations  occur  in  the  direction  of 
increased  fitness,  _if  the  variations  are  trans- 

ipig},SlhTX  and  if  there  i>  r|igr>rirmTintP  gP^f^ptipp 

with  reference  to  these  variations,  then  the 
possessors  of  tb^  f^ftpr  vf^pQtjpris  ^T»o  bound 
e  fnT^^iirfi(j  with  l^pger  life  and  larger 
families — yn'tVj  survival,  in  shorE  If  this  is 
kept  up  consistently,  then  new  adaptations 
and,  probably  with  the  help  of  some  form  of 
isolation,  new  ^pecie^s.  wjll  aias,e. 
The  Case  for  Natural  Selection. — The 
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theory  of  natural  selection  has  the  marks  of 
a  good  theory — it  works  well  as  an  interpre- 
tative formula  in  the  most  varied  cases,  it 
has  proved  itself  a  useful  instrument  of 
research,  and  it  has  even  been  made  the 
basis  of  successful  prediction.  Darwin  him- 
self was  under  no  misapprehension  as  to  the 
logical  position  of  his  theory — that  its 
strength  was  in  its  interpretative  value,  not 
in  its  direct  evidence.  In  a  letter  to  Bentham 
in  1863,  he  writes:  "The  belief  in  natural 
selection  must  at  present  be  grounded  en- 
tirely on  general  considerations — (1)  on  its 
being  a  vera  causa,  from  the  struggle  for 
existence  and  the  certain  geological  fact 
that  species  do  somehow  change;  (2)  from 
the  analogy  of  change  under  domestication 
by  man's  selection;  (3)  and  chiefly  from  this 
view  connecting  under  an  intelligible  point 
of  view  a  host  of  facts."  \ GrverT Vamblltliv 
a  high  rate  of  increase,^  the  struggle  for^ 
existence,  the  web  of  life,  the  observed  fact 
I  that  most  living  creatures  die  young — it 
I  seems  to  most  naturalists  to  follow  that 
Inatural    selection    is    indeed    a   vera    causa 


)iRECT  Evidence  FOR  Natural  Selec- 
tion.— One  of  the  interesting  steps  of  prog- 
ress since  Darwin's  day  has  been  the 
attempt  to  secure  definite  evidence  of  the 
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operation  of  natural  selection.  The  theory 
works  well  as  an  interpretation,  but  what 

selection,  actual  evidence  that  survivors 
do  survive  in  virtue  of  particular  qualities. 
A  few  examples  of  this  in  present-day  ex- 
perience will  give  strength  to  the  belief  that 
similar  processes  occurred,  as  Darwin  sug- 
gested, throughout  the  past. 

It  is  interesting  to  note  that  so  strong 
a  selectionist  as  Weismann  considers  that 

dir^cily.  He  says:  "A  direct  estimation  of 
the  relative  protective  value  of  the  two 
colours  [of  a  Sphingid  caterpillar]  is  alto- 
gether out  of  the  question,  ^he  survival 
of  the  fittp,^ti  n^pr^r.^  y^^  proved  in  ^^^^n^f, 

simply  K£^ai]gP  -w^  orP>  nr^t  in  o  p^sitjon  \^ 
i]f^n\(](^   Q    pTii'^ni    TTiliii^   ^hn   fif^^PiSt   Ji^t  "       As  Mr. 

E.  S.  Russell  remarks:  "This  is  a  significant 
admission  from  the  protagonist  of  pure 
Darwinism,  but  he  admits  too  much.  It  is 
true  we  cannot  decide  a  priori  what  the  fittest 
is,  but  w^  ^nr|  ^ii^rover  by  nhrj^rvr^tion  fwid 
^^eriment  whetli^r  r^v  r\f}  pi!nt,^jgtive  coloui- 
q^tiQii  nasliielooti^ro  ^lalne.  A  case  in  point 
is  given  by  Mr.  A.  P.  di  Cesnola  in  a  short 
but  highly  interesting  paper  in  'Biometrika' 
for  1904. 

"It    is    well    known    that    the    Spraying 
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Mantis/  Mantis  religiosa,  occurs  in  Italy 
in  a  green  and  a  brown  form.  The  former  is 
usually  to  be  found  on  green  grass,  the  latter 
on  herbage  browned  by  the  sun.  Mr.  Cesnola 
tied  down  among  green  herbage  twenty  green 
Mantis,  and  among  withered  grass  a  similar 
number  of  brown  individuals.  After  seven- 
teen days  they  were  all  alive.  He  also 
tethered  twenty-five  green  Mantis  among 
brown  herbage,  and  they  were  all  dead  after 
eleven  days.  The  converse  experiment  was 
also  made,  forty-five  brown  Mantis  being 
exposed  on  green  js^rass,  and  of  these  only  t.pn 
survived  at  the  endoFseventeen  diivs.  Most 
of  the  Mantis  were  killed  by  birds;  five  of  the 
green  ones  were  killed  by  ants.  Here,  then, 
is  a  proof,  -quite  conclusive  though  the  num- 
bers are  small.  ,of  the  selective  value  of  the 

iy|[f\ptis.  If  green  Mantis  and  brown  Mantis 
be  exposed  on  green  grass,  the  green  ones 
will  survive  rather  than  the  brown,  the 
death-rate  will  be  selective.  Such  a  simple 
experiment  gives  more  solid  support  to  the 
view  that  protective  colouration  is  due  to 
natural  selection  than  any  accumulation  of 
probabilities." 

It  is  of  enormous  importance  that  cases 
similar  to  the  above  should  be  accumulated, 
so  that  stability  may  be  given  to  the  theory 
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of  natural  selection  by  actual  evidence  that 
the  survivors  survive  and  the  eliminated  are 
eliminated  because  of  some  differentiating 
peculiarity  or  peculiarities.  Hence  a  few 
more  examples  may  be  given. 

Poulton  fastened  600  pupae  of  the  tortoise- 
shell  butterfly  to  nettles,  tree-trunks,  fences, 
walls,  and  so  on.  At  Oxford,  the  mortality 
was  93  per  cent.,  and  the  only  pupae  that 
survived  were  on  nettles,  where  they  were 
least  conspicuous.  In  the  Isle  of  Wight,  the 
elimination  was  92  per  cent,  on  fences,  as 
against  57  per  cent,  among  nettles.  Here, 
again,  there  was  definite  evidence  of  dis- 
criminate elimination. 

Professor  Crampton's  very  careful  research 
on  the  pupae  o£_a  Saturnid  moth,  proved  dis- 
criminate  elimination,  and  yielded  also  this 
interesting  result,  thnf  t%  f^p1pr*tpd  <"hflraptprs 

fjiUd  prnp^rt.iftUS^}  Wfrf^  not  inrh  nn  would  hnvr 
T^ppear^d  ^^  ^^  "^^^^"^^y-^  indilff'^b''  '']i^^^^^^ 
to-JJbeir— po6*iessaE55  though  they  were  de- 
monstrated to  have  the  higjuitilitry  of  rlp±pr- 
TTiiy^JTip;  survival — which  is  indeed,  for  t];ie 
eyo1iiiinnjst.^-ihe  f^pal  crit^^ion  of  utility. 

Professor  Bumpus  took  136  benumbed 
house-sparrows  into  his  laboratory,  where 
72  revived  and  64  succumbed.  There  were 
general   differences — of  a  somewhat  subtle 
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sort — between  those  that  revived  and  those 
that  succumbed.  General  stabihty  of  struc- 
ture was  the  essential  characteristic  of  the 
former. 

The  fine  researches  by  which  the  late  Pro- 
fessor Weldon  proved  discriminate  elimina- 
tion in  shore-crabs,  and  by  which  professor 
Karl  Pearson  proved  a  selective  death-rate 
in  man,  are  of  the  highest  importance,  but 
they  require  more  exposition  than  we  can 
give  here. 

We  may  round  off  this  section  with  two 
simple  observations  whose  picturesqueness 
may  emphasize  our  present  point. 

Professor  Davenport,  of  the  Carnegie  In- 
stitution for  Experimental  Evolution,  had 
300  chickens  in  a  field,  80  per  cent,  white 
or  black  and  conspicuous,  20  per  cent,  spot- 
ted and  inconspicuous.  In  a  short  time 
twenty-four  were  killed  by  crows,  but  only 
one  of  the  killed  was  spotted. 

Finally,  a  kindred  and  recent  field  obser- 
vation of  our  own.  In  a  heavy  snowstorm 
at  Johannesburg  in  August  1909,  many 
hundreds  of  trees  were  destroyed  by  the 
weight  of  snow  on  the  branches.  It  was 
interesting,  after  the  storm,  to  notice  that 
the  elimination  was  in  a  marked  degree 
discriminate.  The  trees  that  suffered  most 
were  the  imported  Australian  trees,  such  as 
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the  Blue  Gums  and  Black  Wattles,  quickly 
growing,  with  soft  wood,  and  with  abundant 
foliage  that  caught  the  snow.  On  the  other 
hand,  the  deodars  from  the  Himalaya  moun- 
tains, constitutionally  adapted  to  let  the 
snow  slide  from  their  pendulous  branches 
and  acicular  leaves,  had  hardly  a  twig  broken. 

Implications  of  the  Concept  of  Nat- 
ural Selection. — As  a  naturalist  of  very 
rich  experience  Darwin  realized  the  complex- 
ity of  the  evolution  problem  more  than  most 
naturalists  have  done,  and  a  careful  study  of 
his  sentences  makes  it  quite  clear  that  when 
he  used  phrases  like  "struggle  for  existence" 
and  "natural  selection,"  which  have  acquired 
by  familiarity  a  somewhat  hard  and  mechani- 
cal sound  in  our  ears,  he  had  a  singularly  rich 
concrete  content  in  his  mind. 

"Nothing  is  easier,"  he  said,  "than  to 
admit  in  words  the  truth  of  the  universal 
struggle  for  life,  or  more  diflScult — at  least 
I  have  found  it  so — than  constantly  to  bear 
this  conclusion  in  mind."  .  .  .  "I  use  this 
term  ['sfcrugg^le  for  existgmial]  in  f\  large  and 
mf^tflph^nVal  ,^^ns(^,  inc^K^^'^g  rlppPTirlf^n^p  ni 
one  being  on  another,  and  including  (which 
is  more  important)  not  only  \hc  lifr  nf  thr 

ii;idividi]^1^  but  SUCCesS  i^   Ip^ving  prngfriY  '' 

. .  .  .  "Nature  may  be  compared  to  a  surface 
on  which  rest  ten  thousand  sharp„  wedges 


SELECTION  167 

touching  each  other,  and  driven  inward  by 
incessant  blows."  ...  "It  may  be  meta- 
phorically   said    that    natural    selection    is 

f)(^i1y  nuH  h^l^^^y  gnrTifiTn>ing  th^-Qllghmij^ 
the  W^^^'^  ^^"^  ^]\ghiesit  vflp^^^^^ff  "  .  .  . 
"Battle  within  battle  must  be  continually 
recurring  with  varying  success;  and  yet  in 
the  long  run  th^  forces  are  sq  mVp|y  ha]^j\rp^A 
that  the  na,erest  trifle  wmilrl  giNr^  tliP  viVtnry 
one  orgamV  beins^  over  apother." 

lat  we  wish  to  suggest  is,  that  Darwin's 
characteristic  fundamental  idea  of  the  in- 
Jv^oiiny  of  intprrelations  in  the  web  oTTlfe. 
lies  below  the  idea  of  the  struggle  for  exist- 
ence, and  therefore  below  the  idea  of  natural 
selection.  Unless  we  appreciate  the  funda- 
mental natural  history  fact  of  the  web  of  life, 
we  cannot  rightly  understand  how  slight 
diffprencrs  can  be  f=»f  critirnl  imoixxeiiLup 
J^^fPj-iyn'm'rfcT  gnr^nNr^l  The  cntanglcments 
are  so  intricate  that  a  slight  variation  may  be 
of  survival-value  to  its  possessor. 

There  is  another  consideration  which 
Darwin  had  certainly  in  mind,  and  which, 
like  that  just  explained,  has  often  been  lost 
sight  of  since.  It  is  illustrated,  for  instance, 
by  the  researches  of  Bumpus  and  of  Cramp- 
ton  on  the  survival  of  sparrows  and  pupse 
respectively.  The  point  was,  that  the_sur-^ 
vivors  seemed  to  survive,  not  because  of 
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Ririg]^  ppf>n]jfl,rjtj>,^.  ]^u\  hecausc  of  their 
g^eneral  stability  and  ejBSciencv.  As  we  have 
already  hinted,  we  must  still  admit  what 
Darwin  admitted  more  than  fifty  years  ago — 
that  it  is  extraordinarily  dlffiyi^jt  to  say 
precisely  why  one  species  hffn^  V>ppn  yirtrftr- 

OUS  over_{^Tinth(^r  ^^  th^  prpat  hattip  inj-  ^e. 

Part  of  the  difficulty  is  to  be  found  in  the 
fact  that  there  is  seldom  a  simple  issue. 

As  Russell  puts  it: — 

"We  should  think  of  each  creature  as 
being,  as  it  were,  the  point  of  intersection  of 
a  number  of  selection  processes,  of  as  many 
processes  as  there  are  significant  characters; 
and  since  the  significance  of  characters  nrust 
change  with  £Ee_  development  and  growth  of 
tbPi  ftrgam'syp  aiiH  with  ev^j-y  alterntion  jn 
Hs  fTiyirV^TP^^^i  so  the  sum  of  selection 
Cl^Cf ■^■Sfi'=t  to  W^^^^  ^^^  f^rgaTiism  IS  snbjeoted 
must  be  ^n  ever-changing  one/^^ 

* '  The  survival  or  non-survival  of  the 
organism  will  be  det^;rmined  by  the  resultant 
of  all  these  selection  processes,  and  though 
the  exact  manner  of  it  be  extremely  complex, 
it  will  be  the  most  generally  efficient  organ- 
ism which  will  on  the  ayerage  survive.  Its 
characters  will  be  such  as  haye .  remained. 
*  useful'  throughout  its  life,  such  as  have 
adapted  the  organism  to  the  generality  of 
life-conditions  under  which  it  has  lived/' 
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Different  Kinds  of  Selection. — There 
nrpt^o  XQ^^jn  moHes  of  nabira]  selection . 
There  is  the  ordinary  * '  lethal  selec ti^fl , '  ^ 
which  works  hy  the  disoriiTiinate  ehmination  ' 
of  th^  fplativply  Ipss  fi±!  and  there  is  "'iiepro-^ 
dyctjve  seleeti^p,/'  which  works  through  the 
iTicrefi.s^(j  and  Tlfl^re  effective  reproductivity 
inridpnt  on±he  siir>cess  of  thp  more  fit.  When 
Darwin  says  "natural  selection  acts  by  life 
and  death  ...  by  the  survival  of  the  fittest 
and  by  the  destruction  of  the  less  well-fitted 
individuals,"  he  describes  lethal  selection, 
and  many  use  the  term  natural  selection  in 
this  sense  only.  But  when  Weismann  says: 
"Those  that  are  best  adapted  in  colour 
willsecure  the  niost  abundant  food  andjsadll 
reproduce  TY^ost  prniifipany/^anrl  they  will 
thus  have  a  h^^v  prosp^^t  q^  tran emitting 

is    obviously    H^sfribing    reproductive    s^e^jlec- 
tioiu 

Karl  Pearson  draws  a  distinotigTi  between 
" secular  selepfinn/'  YJ^hi^^h  is  D^rwf^'^'^^Q^^^^- 
ral  selpption.  and  "periodic  selection,"  which 
is  less  easily  df^t^^^^d  The  difference  is 
this:  in  the  ordinary  process,  of  natural  Ca.vJl^'^^ 
selection  a  change  in  the  mean  value  of  the  ^^^JIa^ 
selected  character  must  be  effected  from  oj^e 
generfltipri  ^^^  ^^^thpi^  But  it  might  also 
happen  that  the  extreme  deviations  from  the 
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mean — e.g.  flie  gi'«nt<^  pTiH  t>>^  Axxr^A^ — ^r^|»/^ 
niti  ^ff ,  Y^liile  t.lie  mean  value  of  the  character, 
ejl^  the-ayerage  st^ture^  remair^pr)  iinphangf(^. 
This  is  *' periodic  selection/'  whose  reahty 
Weldon  proved  in  the  case  of  one  of  the  snails : 
it  can  be  detected  by  the  diminution  in  the 
extent  or  range  of  variability. 

There  are  other  extensions  of  the  selec- 
tion-idea. Thus  in  social  insects  like  ants, 
where  community  competes  with  community, 
wp  {^pf^  an  adumbration  of  the  intersocietary 
struggle  and  selection  which  yi^  ^tp  f^milinr 
^ith  ^^  m^nlrixirl  Thcrc  is  also  some  meas- 
ure of  ''strugfjfle  of  parts  within  the  organ- 
ism^'" as  Roux  called  it,  i.e.  between  compet- 
ing organs  and  tissues  and  cells;  and  where 
there  is  rapid  multiplication  of  elements  and 
discriminate  destruction  there  must  be  a 
definite  selective  process.  There  is  also  a 
well-known  struggle  between  potential  ova, 
clearly  illustrated  in  Hydra  and  Tubularia, 
reminding  us  of  the  struggle  between  sister 
queen-bees.  There  is  a  kind  of  struggle 
among  the  hundreds  of  spermatozoa  in  their 
race  towards  the  ovum.  Allowing  a  margin 
for  chance,  the  most  vigorous  and  sensitive 
spermatozoa  will  tend  to  succeed  and  this 
will  be  for  the  advantage  of  the  species.  We 
are  quaintly  reminded  of  the  race  between 
drones   to   overtake  the   queen-bee   in   her 
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nuptial  flight.  There  is  also  sexual  selec- 
tion and  germinal  selection,  which  may  be 
conveniently  considered  in  separate  sections. 
Sexual  Selectiqn. — In  extension  of  his 
theory  of  natural  selection  Darwin  proposed 

a   theory   of   «glll^l    splpption    to   apponnt   fpr 

tragted    secondary    sexrch,q.yacters,    fnmiH^r 

in  casji^s  h'Vp  ppaponV  and  ppahpn  stag  and 
^rjnd.  There  are  two  inodes  of _  this  sexual 
selection :  (^ tjie  combats  between  rival  males 
and  tK?^Dreferential  mating  where  the  fe- 
male chooses  or  seems  to  choose. 

The  issue  is  clearer  in  the  case  of  the  com- 
bats of  males.  For  when  the  younger  or 
weaker  candidates  are  killed,  or  expelled 
from  the  herd,  or  left  unmated,  there  seems 
little  reason  to  doubt  the  discriminateness 
of  the  elimination. 

As  to  preferential  mating,  there  is  no  doubt 
that  the  males,  especially  among  birds,  some- 
times show  off  their  varied  attractions,  but, 
as  Wallace  has  consistently  maintained, 
there  is  very  little  convincing  evidence  that 
the  female  chooses  a  partner  out  of  a  number 
of  suitors.  Still  less  is  there  evidence  that 
she  chooses  because  of  any  particular  excel- 
lence in  colour  or  in  song  or  in  dance.  In 
some  cases,  however,  there  is  evidence  that 
cpTtnJT^,    m^J^s    fl,fe    leJt    nm7]atpd,    and     that 
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theSf^  arP!  in%]r>r  in   attrpptiyCTf^f^fi.      In  the 

mysterious  case  of  spiders,  the  fastidious 
female  sometimes  kills  a  suitor  who  does 
not  adequately  please  her;  as  well  as  after- 
wards, it  may  be,  the  one  who  does. 

Since  Darwin's  day  many  of  the  supposed 
cases  of  preferential  mating  have  broken  down 
rather  badly  under  criticism,  but  there  are 
still  many  facts  to  go  upon.  It  seems  clear 
that  the  suitors  are  sometimes  highly  excited, 
and  that  their  displays — often  more  reflex 
than  deliberate — impetuously  excit§  the  fe- 
male and  overcome  her  covness — a  cjiaracter 

^hi^l^,    a.S   ^^09«  pm'nts  nut,   is  of  no  inrnn- 

siderable  racial  value.  In  some  passages 
Darwin  seems  to  credit  the  female  with  a 
iii^h  degree  oi  ^' taste''  or  aesthetic  fastidious:- 
qess;  but  he  was  probably  on  safer  ground 
when  he  wrote,  "it  is  not  probable  that  she 
consciously  deliberates;  but  she  is  most 
excited  or  attracted  by  the  most  beautiful, 
or  melodious,  or  gallant  males."  We  do  not 
know  very  clearly  what  choosing  may  mean 
to  a  hen-bird;  but  even  when  she  seems  to 
choose  some  slight  improvement  in  colour  or 
song  or  dance,  the  probability  is  that  she,.i3 
simply  surrendering  herself  to  the  male  whose 
tout  ensemble  has  most  successfully  excited 
her  sexual  interest. 

Germinal    Selection.— ;v^_lS25«J^eig- 
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mann  suggested  that  the  concepts  of  '^strug- 
de''  ap^  ''?^1ection''  im'^h^  ^^  nspf^^lly 
extended  to_the  individual  items  whjc^]^  com- 
pose the  germ-plasm^^^or,  what  conies  to  the 
same  thing,  the  inhenfaajice.  If  we  suppose, 
as  there  are  many  reasons  for  supposing,  that 
the  ph^^sical  basis  of  inheritance  in  the  germ- 
^^11s  u  ^nmpn^fd  of  u  tt^u^^^Hm^^  of  rfpr^- 
sfntatwf^  y'^^h]  partiVlpg  w^i^h  are  ph1<^  ^o 
fppd,  grvw,  and  multiply,  t^^^  '^^  ^'g  ^^^- 
ceiYable  that  fluctuations  in  the  nutritive 
supply   9f   the   g^rm-cells,   and   inequalities 

in,th^  vigmir  and   ^^.^irriiilnting  POW^F  pf   ^^ 

h^iifiditary  congtituents,  may  result  in  an 
^^t^^-mrmfr*^^  gtmprpjle  and  selection. 

The  general  idea  is  a  familiar  one,  that 
nothing  succeeds  like  success;  and  vice 
versa.  A  strengthened  representative^iiem 
Of  dfiterminnnt  in  th^  g^rm-plnyr^  will  no^^^- 
jgh  itselL_more  ab]indnnt1.v-tbftR  its  nei^hn- 
J^imi,  -''Tt  may  get  into  a  permanent  up- 
ward movement,  and  attain  a  degree  from 
which  there  is  no  falling  back."  On  the 
other  hand,  a  weakened  determinant  will 
have  less  power  of  attracting  m1^^T^^|nmt,  ^^^ 
Wl1^  ^^nd  to  go  doY^nh^'^1  If  it  be  the  deter- 
minant of  sometlmg  useful,  then  the  ordinary 

tjic  individunl  that  dpvHnpi^  from  th^  im- 
^BQXfilisllsi-gSISLSSll'   i^  1^  be  the  determi- 
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■cpnimn^^etting  weaker  ^£^y  ffeneratiqn. 
The  theory  of  germinal  s^]pp|]nn  Js,  ^f 
course,  ^n  l^yp^^tl^esf^.  deahng  hke  Mendel's 
theory  of  gametic  segregation  with  the  in- 
visible, but  it  may  be  nevertheless  useful 
in  enabling  us  provisionally  to  formulate  a 
number  of  very  puzzling  facts,  and  in  sug- 
gesting experimental  work,  on  which,  even- 
tually, we  must  base  our  conclusions  as  to 
these  abstruse  questions. 

>\ccord]ngto\Y(^1>TTiflTin^  gPrTYiiTinl  5;iplpption 
^^IPf^  "^  t£>jiTmr|erst^iir|  theLdwijj^^jJTig  ay^ay 
^_QrgP)Txg  wliiVl^^have^n]^^  tl^e  lf^-^1 

tj^ii^hH  1^^  f^r^ljlli^  Tiat^iral  .sfV^^^'^^:  the 
occasional  exajggeration  of  organsjbeyond  the 
littUisL^f  _4gmQnstra^le  utihtv>  "as  may  be 
illustrated  in  artificial  conditions  by  the  ^jx 
^feet  loag  t^il leathers  of^^same  Japanese 
cocker  the  occurrence  of  definitely  directed, 
appropriate,  and  simultaneous  variations, 
and  much  more  besides.  Tt  plw^  ^Vito  ^^f* 
h^Tirls  of  pj(^]r,<}oxLql,gfik<"tiQn:  or,  as  Weismann 
more  elegantly  phrases  it,  ^'^  Slipph'ps  JJip. 
-^^QlUgr?  OJ^t-^pf  .^hi^^rP^^"^^^^^  sg],fiqtion  builds 
^£1:  t^^KEJ^g  and  palaces:  £kda;Qig.tious.'' 

Family  and  (^oup'Selections. — Though 
Darwin  did  not  wholly  overlook  this  (indeed 
in  at  least  one  notable  passage  he  expresses 
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it)  there  is  no  doubt  that  the  general  tone 
and  treatment  of  Darwinism,  even  hitherto, 
has  been  deeply  coloured  by  the  acute  indi- 
vidualism of  Darwin's  and  the  preceding  age. 
We  may  therefore  restate  here  the  concluding 
thesis  of  our  own  "Evolution  of  Sex"  (1889), 
since  elaborated  in  various  ways  by  Drum- 
mond,  by  Kropotkin  and  others.  It  is  that 
thp  gf^nf^^a.1  progress  both  of  the  plant  and 
thf^.an]mn,lj£Q,rlr|,  andnotahlv  the  great  up- 
lift^  (see  Chapter  III  above),  must  be  viewed 
niit  simply  as  inrhVi dual  but  verv  largely  in 
termg^^QJLsg^LJ^i  olfamily  and 

assaciaiicaa;  and  hence  of  gregarious  flocks 
and  herds,  of  co-operative  p_acks,  of  evolving 
trjbfis,  and^jiusjultimately  of  civilized  spcie- 
iifiS  — above  all,  therefore,  of,thacitv.  Hux- 
ley's tragic  vision  of  "nature  as  a  gladiatorial 
show,"  and  consequently  of  ethical  life  and 
progress  as  merely  superposed  by  man,  as 
therefore  an  interference  with  the  normal 
order  of  Nature,  is  still  far  too  dominant 
among  us.  It  threatens  even  to-day  to  con- 
fuse the  nascent  science,  and  still  more  to 
wreck  the  incipient  art,  of  Eugenics,  in  fact 
to  encourage  and  defend  that  massacre  of 
the  innocents  which  is  expressed  in  the  death- 
rate  of  every  community;  and  to  extend  this 
to  a  corresponding  view  of  legislation  and 
government.     Here,  in  fact,  is  opening  the 
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greatest  practical  controversy  of  our  science, 
in  comparison  to  which  all  others  have  been 
but  academic — that  ultimately  between  the 
Herodian  and  the  Magian  view  and  treat- 
ment of  the  child,  and  between  essential 
renewals  of  the  Caesarist  and  of  the  Christian 
ideals  of  the  community,  upon  our  modern 
spiral.  Yet  since  this  is  a  modern  spiral,  we 
must  harmonize  this  controversy;  ^e  Tjiusit. 
seek  ,  the^  due  correlation  of  %he  idjSflib,  of 
^ir£l^lil_f[II^Lc^lj^  s^^^mTvu      For  this 

we  need  above  all  sonie^.cIearer  visij)n  of  the 
ideals  pi^  evolution — Olympian  lor  the  body, 
Parnassian  for  the  spirit,  and  even  more — 
in  fact,  an  evolutionist  hope  and  aim  not 
only  for  the  life  of  the  individual,  but  in- 
creasingly forthe^uplift  of  the  race  and^ofjhe 
gommujiitju  *T5n  the  way  towards  this, 
selective ■■CQJisciQUsness  and  conscience  exe 
indispensable,    loye    r?^    indivirj^ial,   loYQ^aS 

jsassial;  apd  with  t]i<gsc,,.aagd.fi£ejaJ[&aJt^ 

Vff^r^  Ipyp,  nr  of  parpnthnnd  itsplf       Nor  is  the 

social  control  a  mere  choice  between  Dra- 
conian harshness  on  one  hand  and  shallow 
philanthropy  on  the  other;  for  these  are  but 
y    rival  cruelties,  that  to  the  individual,  this  to 
^       the  race.     1^(}  dptprmine.  then,  the  ideal-goal 
/^f|,prl  tliP  ^ruPx.£rocess  of  selection  fpr  our  own 

'ifPfin^'^r  i*'^  t^US^^g  Simy^^<^  P^^bl^ni  T^iT>d-±^sV 
which  are  opening  before  us  a^ftev9l]j,|.ioT|i5it,g- 
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Auxiliary  Hypothesis  of  Isolation. — 
We  have  already  referred  to  thg  occurrence 
o^  particular  species  on  particular  is]fl,r)ds  in 
the  Ga]apagns  Ar<?hipHag^i  and  there  are  a 
great  many  similar  cases  which  suggest  that 
isolation  means  soTpethin^  i>  ^vohitinn. 
The  red  grouse  is  peculiar  to  Scotland,  but 
it  has  doubtless  been  derived  from  the 
closely-related  stock  of  the  Scandinavian 
willow  grouse.  While  the  zoologist  has  lately 
distinguished  an  Orkney  vole  and  a  St.  Kilda 
wren,  every  one  l^nows  tfbe  Shetland  pony^ 
^Wi  ^ighla^^d  <"^tti]^  There  are  said  to  be 
eighty  species  of  the  land-snail  Cerion  in  the 
Bahamas,  and  Gulick  records  over  200 
species  of  the  land-snail  Achatinella  in  the 
various  valleys  of  the  Sandwich  Island  Oahu. 

Many  evolutionists — Wagner,  Weismann, 
Gulick,  Romanes,  Jordan,  and  others — have 
worked  ^t  ttif  i*i^^.  of  T«r>1aiinn,  ^s  a  directive 
tactQi:  JHaeynlntiftn  ;,and  Romanes  maintained 
that  it  was  a  sine  qua  non  in  the  origin  of  new 
sgecies.  The  term  must  not  be  thought  of 
in  any  narrow  sense;  it  inchides  all  the  means 
which    r^strict_  the    range.,  of    intercrossing 

xyifliin    ^i^J^fj^l^g-   QeOgm^MSilCSM^^^^y    SUch 

as  arise  when  a  peninsula  becomes  an  island; 
temporal  barriers,  such  as  arise  when  the 
memlDcrs  of  a' species  reach  sexual  maturity 
at  different  times  of  year;  habitudinal  bar- 
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riers,  when  a  species  splits  into  two  or  more 
castes  with  different  habits  of  Ufe;  physio- 
lngio.nl  harr^r<g  such  as  arise  by  some  va- 
riation in  the  reproductive  organs;  and 
vsycholoffinal  havrif-r^.  which  rest  on  profound 
antipathies. 

What  probably  happens  is  this:  a  success- 
fuILa-.-mijP^orous  and  adaptiyc  .^peojes  spreads: 
the  Severn]  ^nntjng^^^^ — become — isolated 
ixom  onc-anothor;  and,  if  different  varJ^tl>P« 
spring  up,  in  several  ornll  nf  the  rontiugpnt^^ 
fhej),  o^her  ihing^  being  pguaL  isolation 
\yi11  £avnnr  tha nnViu  of  di^tinot  spppjpg  "I 
do  not  doubt,"  Darwin  said,  "that  isolation 
is  of  considerable  importance  in  the  forma- 
tion of  new  species."  Tff  ^^y  W  of  ffP^P' 
importance  in  preventing^  intercros^singf^  but 
it  is  much  more  likelv^thaF~J^^"wo7ks  hv 
lose  inbreeding,  which  r]^- 


v,elops  prepotencv  or  stabih'tv  of  t^pp. 

In  the  human  world,  the  manifold  range 
of  individuality  presented  by  regions  favour- 
able to  family,  village,  and  clan  isolations, 
such  as  Scotland  or  Norway,  Greece  or  Pales- 
tine, thus  becomes  intelligible.  Again,  in 
that  deterioration  of  the  cities  of  the  plain, 
which  is  so  frequent  throughout  history,  so 
evident  to-day,  we  may  increasingly  fear  an 
organic  factor  underlying  the  obvious  social 
ones — that  of  reversion   through  intercross- 
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ing:  as  when  the  highly  individualized  races 
of  pigeon  sink  back  to  the  comparative 
uniformity  of  the  ancestral  rock-dove.  Yet 
from  this  apparent  regression,  really  a  pro- 
found and  intimate  panmixis,  a  thorough- 
going cross-fertilization,  who  shall  say  what 
new  variations  may  arise,  what  new  selections 
also — even  what  evolving  guidance  of  these? 
Eugenics  as  a  Renewal  of  Evolution. 
—Thus  we  return  to  man  as  transformist>  a 
discussion  already  opened  in  Chapter  II, 
but  this  time  appearing  in  a  fresh  perspec- 
tive. It  is  admitted  by  all  inquirers  into 
the  ^riyng  r^f  ^}Y^]\7^finn  qu  ouc  hand,  into 
the  origins  of  cultivated  plants  and  of 
dnTYingtinntAfl  nn^'^^],g^  ou  the  othcr,  that 
praojicallv  all  the.^f^  foTv>i1i-c»T.  c^j^^  JrirUcj.^- 
«aK1^  ppj^porn'r^ng  r>f  7y||^|i  arc  of  prchistoTJc 
jrigin^  flTiH  hflyP!  ri«pn   alnng  witVi  Lj'tyi^   aS  he 

with  them.  But  now  the  corollary  of  this: 
imagine  the  immensity  not  only  of  patient 
labour,  but  of  selective  skill,  which  are  com- 
prised within  the  steps  from  wild  grasses  to 
cereals,  from  crab-apple  and  wild  olive  to  the 
vast  and  fruitful  groves  which  must  assur- 
edly have  covered  the  prehistoric  cultivation 
terraces  of  old,  stretching  as  these  did 
throughout  the  Mediterranean  region  from 
Portugal  to  Syria — thence  through  Asia 
Minor  to  Persia,  to  Korea  itself.     One  has 
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taken  the  pains  to  calculate  the  actual 
capital  value  of  these  ancient  Mediterranean 
terraces,  and  brings  out  the  marvellous,  yet 
credible,  result  that  the  actual  economic 
wealth  of  £Eis  remote  prehistoric  ,-ynrlrl  f^r 
^X^^eederrthat  of  the  Mediterranean  to-day; 

fljj^d  ^^^^  ^^^  n]frply^j3a-.j£g.,  agriVnl^^iirf^  -nr 
YTifh  rn'^f\^  qnH  railwqyg;  t^rOWn  lU,  ^^^^  WJt^ 

thf  foisting  ftitjpp  as  vr^l]  ^  Here  then  is  a 
view  of  the  early  human  past  very  different 
from  the  picture  of  groping  brutishness,  of 
promiscuity  and  struggle  with  which  nine- 
teenth-century anthropology  was  too  much 
obsessed;  for  if  we  seek  the  modern  repre- 
sentatives of  these  old  cultivators  and 
selectors,  these  breeders  and  arboriculturists, 
at  their  best  we  must  seek  them  at  the  very 
highest  growing-point  of  our  own  civilization 
to-day.  For  with  all  respect  to  the  great 
mechanical  inventors,  and  the  masters  of  the 
physical  sciences  who  have  accompanied 
them,  we  claim  a  higher  primacy  in  science 
for  Darwin  andTSis  peers,  and  this  alike  ns 

not  merelv  phv^ical  evolut^ion.  and  in  poten- 
tial and  fr^rtl]gQ]3[^iTip^,^if  not  yet  fully....aeteai' 
contril;)ution_to_the  service  and  yplif t  of  man. 
In  short,  these  prehistoric  transformists  of 
wild  life  into  cultivated  fruitfulness  and 
domesticated  use,  had  already  among  them 
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their  Darwins  and  Vilmorins,  their  Gartons 
and  Burbanks;  with  the  cme^.  important 
diffjgrence — that    thgse    aehieved    imTpf^Rsnr-  > 

Again,  is  it  hkely  that  those  who  could 
transform   thp   )iirl^ingi_Jg^lfish    depredator  , 
iatQLJhfLimjtj^ll^  ,  qL  tJhgkM,flQcks,  the   \ 

idid-i^atJieiiiLa^ 

the  jyild  horsej^nto  th^^rab,  ^^gglected  their     i 

have  done — or  even  misunderstood  it  as  all 
historic  aristocracies  have  done?  True,  we 
have  not  their  history  in  the  letter,  yet  we 
have  much  of  it  in  the  spirit;  that  of  the 
folk-tales  and  fairy  tales,  of  which  the  most 
childlike  and  sympathetic  of  the  sciences  is 
steadily  recovering  the  values  and  the  mean- 
ings; and  these  old  child-tales  are  even  re- 
turning towards  their  social  and  vital  appli- 
cations— above  all  that  of  presenting  the 
Jd^aLpf  iQy^  ^s  tSe^^uest]^  life  which_our 
fatherTcfllled  romantTc.  ^hich  we  nnw,^H 
^^^gCTJ^^  ^J}d  ^lih\kmWkQdt^^  Whereas  out  of 
all  this  recovery  of  the  golden  age  and  of  the 
ancient  garden  of  fruitful  labour,  does  there 
not  emerge  the  idea  that  its  guardians,  so 
much  wiser  and  happier  than  we  knew,  had 
thought  not  only  for  the  simpler  creatures 
they  cared  for  and  ruled  and  elevated,  but 
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for  themselves  and  for  each  other? — in  short, 
that  our  modern  Eugenics,  latest-born  even 
among  the  evolutionary  sciences,  may  yet 
be  among  the  very  oldest;  and  that  now 
once  more,  at  the  opening  of  that  new  epoch 
of  world-consciousness  and  world-activity 
which  is  involved  no  less  thoroughly  by  the 
evolution  theory  than  was  the  passing  in- 
dustrial age  by  the  advance  of  mechanical 
science,  the  ancient  evolutionarv  past  is 
bein^  a^ain  rebprn? 


CHAPTER  VI 

ORGANISM,    FUNCTION    AND    ENVIRONMENT: 
IN  RELATION   TO   EVOLUTION 

The  Conception  of  Life — The  Evolution  Idea,  its  History 
— Theories  of  Evolution,  Classified — Relations  between 
Organism  and  Environment — Indirect  Importance  of 
Modifications — The  Role  of  Function — The  Living  Organ- 
ism— Theories  of  Vitalism — Initiation  into  Psychology. 

The  Conception  of  Life. — The  definition 
of  life  is  the  last,  not  the  first,  question  for 
the  student  of  Biology.  What  we  have  to 
do  first  is  to  study  the  actual  happenings,  the 
changes,  the  movements,  the  activities  that 
go  on  under  our  eyes.  It  is  only  after  we 
have  given  careful  study  ^  to  thejactual  fact 
of  liyipff—rwhich  is  a  process,  a  dvnamic 
I^laiiaEt— that  we  can  profitably  inquire  into 
the  particular  secret  of  the  agent. 

By  many  who  have  begun  at  the  wrong 
end — wrong  from  the  point  of  view  of 
scientific  method — the  conception  of  Life,  the 
organism's  secret,  has  to  be  left  as  a  mys- 
tery,,or  is  mistaken  as  an  entity.  By  others 
it  is  thoTT^ht^  of  \r\  teyms  of  chemical  sub- 
siauC^rTike  the  "elixir"  or  "quintessence" 
of  old,  or  again  in  terms  of  modes  of  energy, 
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which  are  "physical"  or  "vital/'  to  different 
schools,  of  materialistic  or  idealistic  leanings 
respectively,  albeit  physical  rather  than 
biological  in  either  case.  Our  present  point 
is  that  before  inquiring  into  the  secret  of  the 
organism — "Life"  in  the  innermost  and 
organismal  sense — we  must  seek  a  deeper 
appreciation  of  the  process  of  living.  What 
then  is  this?  On  the  one  hand  there  is 
the  Environment  .m__its  action  upon  the 
orgaaism;  and  cui  the  other  th^  Orpanis^iy^^  in 
h^  r^^VXi^JiJ^  and  ai:^tion  upon  the  epvirop- 
meut;  thp  Hy]^^]^!^  rflatjnn  in  its  twofold 
a^ipect».i&  rRl1<?d  ITunptign. 

The  Evolution  Idea:  its  History. — 
Before  we  seek  to  relate  the  various  theories 
of  evolution  factors  that  have  been  suggested 
to  the  three  categories  of  Biologv-4-Organism, 
Function,3Environment — it  may  conduce  to 
clearness  £o  consider  for  a  little  the  general 
"doctrine  of  descent." 

While  it  is  true,  as  Professor  Osborn  puts 
it,  that  "Before  and  after  Darwin"  will  al- 
ways be  the  "Ante  et  post  urbem  conditam" 
of  biological  history,  it  is  also  true  that  the 
general  idea  of  organfc  evolution  is  very 
q,pcipnt.  f^^^vpra^l  of  the  <^rppV  pViilnsopbprs 
looked  upon  Nature  as  haying  developed, 
andja^being  still  in  process  of  change.  Aris- 
totle  seems  to  have  recognized  an  ascending 
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series  from  polyp  to  man  and  an  age-long 
movement  towards  increased  perfection. 
Static  conceptions,  however,  prevailed,  with 
some  rare  exceptions,  through  the  long  y^' 
interval  between  Aristotle  and  Bacon,  who  . 
w^R  oTiPi  of  thp  first  to  think  definitelv  about 
thp!  m^^tability  of  species.  But  after  the 
I^enaissance    it    was    among    the    "'philos- 

r^pViprg,'^  Tint  qmrnag  natnra1it;t«^  thf^f,  thf 
pyphitinn  idpq  bpgqn  again  tn  hSrp  anrl  mnyf 

The  first  naturalist  to  give  a<J)road  and  con- 
Crete  expression  to  the  f^yphitinnigt;  dp^trT^^ 
of  descent  w^^  Bufl^on  Tl 707-1 788) .  Erasmus 
Djxwin  (1731-1802),  Charles  Darwin's 
grandfather,  was  another  firm  evolutionist, 
probably  influenced  by  Buff  on,  and  it  is  very 
interesting  to  observe  how  much  of  the 
argument  in  his  "Zoonomia"  might  stand 
to-day.     Lamarck    (1744:zl8£aX~  was  ahnve 

all  thnrnnghgning  in  his  pynhitinnkm;  and 
Haeckel  rightly  speaks  of  his  "Philosophic 
Zoologique"  as  "the  first  connected  and 
thoroughly  logical  exposition  of  the  theory  of 
descent. " 

Besides  the  three  old  masters,  as  we  may 
call  them,  ^uffon,  Erasmus  Darwin  and 
Lamarck,  there  came  other  quite  convinced 
pre-Darwinian  evolutionists  —  Ti£.viranus, 
Etienne  ^  Geoffroy  Saint-Hilaire,  Goethe, 
Robert  Chambers^  and  many  others.    Dar- 
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win  refers  to  thirty -four  more  or  less  evolu- 
tionist authors  in  his  Historical  Sketch,  and 
the  list  might  be  added  to.  Especially 
when  we  come  near  1858  do  the  numbers 
increase,  and  we  must  never  forget  that 
Herbert  Spencer  not  only  marshalled  the 
^Tgnmpnts  for  F^Y^hitJon  in  ^.  very  forcible 
jsray  in  ^8.5^.  but  npph'ed  the  formula  in 
detail  jn  his  ^^ Principles  of  Psychology''  in 
1855.  We  must  also  remember  that  the 
genetic  view  of  nature  was  insinuating  itself 
in  regard  to  other  than  biological  orders  of 
facts,  here  a  little  and  there  a  little,  and  that 
the  scientific  temper  had  ripened  consider- 
ably since  the  days  when  Cuvier  laughed 
Lamarck  out  of  court. 

We  have  inserted  this  historical  reference 
to  pre-Darwinian  evolutionists,  since  it  is 
important  to  shake  ourselves  free  from  all 
creationist  appreciations  of  Darwin;  but  it 
would  be  a  perversion  of  history  to  suggest 
that  he  simply  entered  into  the  labours  of 
his  predecessors.  In  point  of  fact,  he  knew 
very  little  about  them  till  after  he  had  been 
for  years  at  work.  Let  us  ask  rather  how 
it  was  that  Darwin  succeeded  in  winning 
Q  warlH-wide  acceptance  of  the  evolution 
idea,  where  so  many  others  had  failed! 

Because,  in   the  first   place,  he  iiad-.-ckar 
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dajT^s  I'age  mfir"' — which  his  indocile  refusals 
to  submit  to  outworn  university  curricula 
had  made  possible,  which  the  "Eeagle" 
voY_agP,  made  fuller  and  mnrp  viVirl^  wlnVTi 
aj:i  nnrivnllpd  T^ritisli  dnggfdnf^,c;g  mnrl^  ^^r^r- 
more  positive  and  real — visions  of  the  web 
of  life,  of  the  fountain  of  change  within  the 
organism,  of  the  struggle  for  existence  and 
its  winnowing,  and  of  the  spreading  genea- 
logical tree.  Because,  in  the  second  place, 
he  put  so  Tnnp]^  grit  intn  fh^  Substantiation 
oLhis  visions,  putting  them  to  the  proof  in 
an  argument  which  is  of  its  kind — direct 
demonstration  being  out  of  the  question — 
quite  unequalled.  Because,  in  the  third 
place,  he  broke  down  the  opposition  whicli 
the  most^scientific  had  felt  to  the  seductivq 
modal  formula  of  evolution,  by  bringing 
forward  a  more  workable  theory  of  the  pro- 
cess than  had  been  previously  stated.  Nor 
can  we  forget,  since  questions  of  this  magni- 
tude are  human  and  not  merely  academic, 
that  he  wrote,  in  his  mingled  simp]^Vity 
and    condpsppnsinrij    so    thnt   p}]     TviPn     npuld 

uadsiiataiid. 

Theories  of  Evolution,  Classified. — 
So  far  the  general  doctrine  of  descent;  but 
some  of  the  pioneers  did  more  than  apply 
the  evolution  idea  as  a  modal  formula  of 
becoming:  they  began  to  inquire  into  the 
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factors  in  the  process.  How  are  their  the- 
ories related  to  the  three  categories —  Organ- 
^ ;  ism.  Function,  Environment? 
/  To  some  the  fundamental  fact  is  the  living 
Organism — a  creative  agent,  a  striving  will, 
a  changeful  Proteus,  selecting  its  environ- 
ment, adjusting  itself  to  it,  self -differentiating 
and  self-adaptive — Life  dominating  nature, 
master  of  its  fate. 

To  others  it  has  always  seemed  that  the 
emphasis  should  be  laid  on  Function — on 
activity  and  practice,  on  use  and  disuse,  on 
doing  and  not  doing. 

To  others,  again,  what  counts  for  most  is 
the  Environment.  This  wakes  the  organism 
to  action,  feeds  it  or  starves  it,  gives  it  new 
experiences  or  imprisons  it  within  the  old. 
Environment  prompts  the  organism  to  self- 
expression,  yet  moulds  it  and  prunes  it, 
punctuates  its  life,  and  finally  puts  in  the 
full  stop,  of  death. 

Let  us  take  some  historical  illustrations. 
There  is  no  doubt  that  jBuffon_laid  great 
emphasis  on  Environmental  iriflueiices — es- 
pecially of  climate  and  food — as  direct  trans- 
forming factors. 

The  central  idea  of  Erasmus  Darwin^s 
evolutionism  was  j'unctional:  that  wants 
stimulate  exertions^and  that  these  result  in 
improvements,  which  subsequent  generations 
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make  better   still.     This   was   Lamarckism 
before  Lamarck,  as  his  grandson  pointed  out. 
Lamarck  agreed  with  Buffon  in  maintain- 
ing t^at  PYtfn^^?T^pnnHitinng  rlirPf>t1y  TYirmlrUrj 

pJants,  but  differed  jrom  him  in  denyingjthis 
for  anjmals,  "for  environment  can  effect  no 
direct  change  whatever  upon  the  organiza- 
tion of  animals."  In  so  doing,  despite  the 
obvious  exaggeration,  we  must  credit  him 
with  clear  recognition  of  the  relative  pas- 
sivity of  the  vegetative  life,  the  relative 
activity  of  that  of  the  animal.  Xh^jcsnt^al 
idea  of  his  theory,  however,  was  the  cumu- 
lative transmission  ot  functional  modifica- 
tions: ''Changes  m  environment  brin^  ^hnut 
changes  in  the  habits  of  animals.  Changes 
in  their  wants  necessarily  bring  about  parallel 
changes  in  their  habits.  If  new  wants  be- 
come constant  or  very  lasting,  they  form  new 
habits,  the  new  habits  involve  the  use  of 
new  parts,  or  a  different  use  of  old  parts, 
which  results  finally  in  the  production  of  new 
organs  and  the  modification  of  old  ones." 
But  beyond  this  he  clearly  insisted  on  the 
inward  urge  or  effort  of  the  organism  to 
realize  its  inmost  wants,  and  to  express  this 
in  change  of  habits  and  even  of  structure. 

Treviranus  (1776-1837),  whom  Huxley 
ranked  beside  Lamarck,  was  on  the  whole 
like  Buffon  in  attaching  chief  importance  to 
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the  influence  of  a  changeful  environment, 
both  in  modifying  and  in  eliminating.  But 
he  had  another  deep  idea,  which  Goethe 
shared,  of  an  inherent  formative  impulse  in 
the  creature.  "In  every  living  being  there \ 
exists  a  capability  of  an  endless  variety  of 
form-assumption;  each  possesses  the  power  to 
adapt  its  organization  to  the  changes  of  the 
outer  world,  and  it  is  this  power,  put  into 
action  by  the  change  of  the  universe,  that 
has  raised  the  simple  zoophytes  of  the  primi- 
tive world  to  continually  higher  stages  of 
organization,  and  has  introduced  a  count- 
less variety  of  species  into  animate  Nature."/ 

BjiLiLis  in  Goethe  that  we  find  the  fullest 
expression  of  the  idea  of  the  imiate  t^ndengjr 
of  fl.  Iivip^  creature  to  fuller  self-reah'zati^^. 
At  the  same  time  he  held  with  Lamarck  that 
''fhe.  Yl^y  of  lifepoweffnlly  yf^nrts  ^ip^^  ^tL 
formJ^  and  with  Buffon  that  the  orderly 
growth  of  form  "yields  to  change  from  ex- 
ternally acting  causes." 

TliP  m^jp  jfi^^fl,  (^f  GnetVip.  of^  an  inherent 
growth  force,  has  constantly  reappeared, 
notably  among  the  American  palseontolo- 
gists:  witness  Cape's  "bathmism";  and 
now  among  the  whole  rising  generation  of 
vitalists,  German  and  other.  The  anatomist 
and  systematist,  the  chemical  and  physical 
physiologist,  have  been,  and  still  are,  wont 
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to  reject  this;  and  not  without  reason — 
that  of  the  positivism  of  science,  which 
rightly  shrinks  from  the  acceptance  of 
abstract  entities  and  causes.  Undeniably, 
whatever  may  be  our  sympathy  for  these 
manifold  suggestions  of  vitalist  evolutionism, 
they  are  still  too  much  open  to  Moliere's 
ridicule,  as  of  explaining  the  effect  of  opium 
by  its  "dormitiveness." 

We  need  not  continue  these  historical 
illustrations,  but  the  important  point  is  this, 
that  some  naturalists,  such  as  Buffon^  em- 
phasized the  importance  of  the  Enviroa- 
gieiit;  others,  such  as  Lamarck,  laid  the 
main  stress  on  Function:  other.s.  sunh  as 
(to^^^^i  ^^'^pt^rnffi  thnti.  a^^^^  ^^l  ^^^  mrvir- 

QcgauisH*.  It  may  be  said  without  dog- 
matism that  the  adequacv  of  an  evolution 
JJiPQry  IS  \r\  proportion  to  its  recognition  of 
nil  th^  tlir^A  -n^^tfg-ori'es.  which  give.  Tn  pomt. 
of  fact,  the  three  aspects  of  life. 

Surely,  whatever  may  be  the  limits  of 
Darwinism,  its  superiority  to  preceding 
evolution  theories  was  in  part  that  it^ got 
nearer  to  seeing  life  ^hole.  The  Organism 
was  appreciated:  it  is  the  fountain  of  change; 
it  is  aggressive,  insurgent,  even  riotous,  in 
its  multiplication;  it  struggles,  it  even 
chooses.    Rightly  or  wrongly.  Function  was 
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also  appreciated:  use  and  disuse  have  their 
organic  consequences,  and  for  Darwin  these 
were,  at  least  in  part,  transmissible.  Simil- 
larly  the  Environment  was  appreciated,  alike 
in  moulding  and  in  pruning.  Finally  was 
addgd  the  4dea  of  Nature's  en vironmpntfll 
and  adaptive  sifting — the  essentially  new 
and  triumphant  HgQtiinp  of  Natural  Selection. 

The  post-Darwinian  scepticism  as  to  the 
transmission  of  functional  and  environ- 
mental modifications  might  seem  to  involve 
a  denial  of  the  evolutionary  importance  of 
anything  but  the  varying  organism  and  the 
winnowing  environment;  but  what  it  really 
means  is  that  the  previous  appreciation  of 
the  evolutionary  importance  of  function  and 
of  environment  was  not  subtle  enough.  We 
ask,  therefore,  wherein  the  importance  of 
function  and  environment  may  consist,  if 
there  is  no  direct  transmission  of  the  indi- 
vidual modifications  which  they  undoubtedly 
produce.  This  involves  a  careful  inquiry 
into  the  relation  between  organism  and 
environment. 

Relations  between  Organism  and  En- 
vironment.— (1)  It  is  impossible  to  separate 
living  creatures  from  their  surroundings. 
To  do  so  in  fact  is  to  kill  them;  to  do  so  in 
theory  is  to  turn  biology  into  necrology,  a 
vice  which  has  always  too  largely  infested 
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our  science,  paralyzed  its  thinkers,  some- 
times even  skeletonized  or  mummified  them. 
There  is  an  endless  diversity  in  environments, 
and  some  of  them  are  most  extraordinary — 
the  iceberg,  the  hot  spring,  the  mountain  top, 
the  abysses  of  the  ocean,  the  cave,  the  in- 
terior of  another  creature — biLt._fo^^  e.ach 
IHpd  (^f  nrganisTn  tli^rf^  \^  an  jndispensahle 
mmJTmim  of  supphV.s  and  influences,  apart 
from  which  it  cannot  develop,  or  grow,  or 
continue  to  live.  Tliis  is  th^  f^^ndamprLbil 
rpl5^,t]>n    (^f    living    things     that    of    constant 

nnd   nnrmni   ftnYirnnmrntnl    Hrprnrlrn^^^ 

(2)  "Rnt    snrronnHings    are    rhangefnl-  and 
the  livinfy  ^r^atu^^  nVign^f^^  ^i||i  tlipm      In 
many  cases,  where  the  external  changes  are 
regularly  recurrent,  like  seasons  and  tides, 
the  organism  falls  into  step  with  them;    so  \ 
that  there  are  internal  rhythms,  punctuated    ) 
by  external  periodicities.     The  latter  may   ^ 
come  to  be  needed  only  as  the  liberating 
stimuli,    or    trigger-pullers,    of    the    former. 

/Experiments  show  that  some  young  tropical 

/acacias    are    hereditarily    wound    up,    as    it 

^  were,  to  a  twelve  hours'  day  and  night — 

times    of    leaf-expansion    and    leaf-closure. 

The  cold  of  winter  is  probably  the  stimulus 

rather  than  the  eflScient  cause  of  the  brown 

>^stoat  becoming  the  white  ermine. 

(3)  To  some  of  the  irregular  changes  in  its 
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surroundings  the  living  creature  is  able  to 
adjust  itself  temporarily.  The  warm-blooded 
bird  or  mammal  can  within  limits  adjust  its 
heat-production  and  heat-loss  so  that  the 
temperature  of  the  body  remains  the  same 
whether  that  of  the  environment  rises  or 
falls.  In  the  case  of  many  of  these  transient 
adjustments  there  remains  no  abiding  result 
that  can  be  detected. 

(4)  Insensibly,  however — for  it  is  all  a 
matter  of  degree — we  pass  to  cases  where 
the  responses  to  environmental  change  last 
for  a  considerable  time.  Sun-burning  on  a 
summer  holiday,  increase  in  the  size  of  a 
muscle  after  a  course  of  exercises,  the 
blanching  of  the  banked-up  celery  are  familiar 
illustrations.  The  bodily  change  has  taken 
a  firmer  hold  than  in  the  case  of  transient 
adjustments,  but  it  is  still  a  passing  change. 
Like  a  bow  unstrung  the  organism  rebounds, 
approximately  to  its  previous  state. 
/  Semon  has  recently  propounded  a  theory 
' — of  the  ".^Jjaesas" — which  is  of  interest  in 
this  connection.  The  general  idea  of  it  is, 
that  when  living  matter  is  aff^^cted  by  a 
s^timulus.  Its  qualitv  cannot  be  the  same  a,s 
it  w?^.s  b^fprp*  tb^  stimulus.  Even  a  bar  of 
iron  is  not  quite  the  same  after  it  has  been 
once  struck;  how  much  more  a  living  crea- 
ture which  is  specialized  towards  gaining  and 
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garnering  experience.  There  is  always  some 
residual  effect;  this  Semon  calls  an  "en- 
gram,"  and  the  sum  of  the  engrams  of  a  liv- 
ing creature  is  its  "IVrnrmr''  itn  nrgnnir 
Jore.  its  ho^^'V  ^^^   gnV>~ron.^(^imis  memory 

The  "Mneme"  may  have  particular  im- 
portance in  cases  where  penetrating  stimuli, 
like  those  of  the  seasons,  recur  periodically, 
re-vivifying  and  re-enforcing  the  previous 
accumulations  of  experience.  Along  this  line 
of  thought,  Semon,  and  following  him  Francis 
Darwin  and  others,  may  be  said  to  be  re- 
turning towards  a  position  again  essentially 
Lamarckian,  for  thus  the  results  of  experi-l 
ence  may  be  conceived  as  accumulating 
from  generation  to  generation,  even  al-/ 
though,  as  Weismann  maintains,  individu- 
ally acquired  bodily  modifications  may  not 
be  entailed  as  such.  The  effects  of  an  often 
repeated  stimulus  may  saturate  through  the 
organism  by  nerve  paths  and  protoplasmic 
bridges  and  the  fluent  blood;  what  then 
precludes  them,  in  some  cases  at  least,  from 
reaching  even  the  germ-cells  in  their  recesses.'^ 

In  this  connection,  it  is  only  just  to  recall 
the  remarkable  speculative  insight  of  the 
late  Samuel  Butler,  that  most  convinced  and 
argumentative  of  Lamarckians,  who,  more  or 
less  simultaneously  with  Hering  in  Prague, 
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propounded  a  generation  ago  much  the  same 
doctrine  of  "Organic  Memory,"  as  that 
which  we  now  owe  to  Semon.  Haeckel  too 
has  expounded  much  the  same  doctrine; 
and  no  doubt  in  increasingly  clarified  form  it 
must  henceforth  be  reckoned  with. 

(5)  Insensibly,  again — for  it  is  all  a  matter 
of  degree — we  pass  from  the  temporary  dints 
impressed  upon  the  organism  by  the  environ- 
ment to  those  that  last.  There  are  many 
cases  in  which  the  novel  conditions  provoke 
a  structural  change  from  which  there  can  be 
no  rebound,  the  limit  of  organic  elasticity 
having  been  passed.  These  lasting  changes 
are  technically  called  "modifications"  or 
"acquired  characters."  A  tree  may  be  per- 
manently blown  out  of  shape;  over-exertion 
at  high  altitude  may  strain  the  heart  beyond 
repair;  a  man  may  be  tanned  for  life  by  the 
tropical  sun. 

(6)  Quite  different  from  the  last  are  cases 
where  some  change  in  the  environment  of 
the  parent  provokes  a  variation  in  the  off- 
spring. The  best  instances,  as  yet,  are  to  be 
found  in  the  experiments  carried  on  for  many 
years  by  Tower  on  beetles  of  the  genus 
Leptinotarsa,  which  he  subjected  to  unusual 
conditions  of  temperature  and  humidity, 
when  the  male  and  female  reproductive 
organs  of  the  parent  were  at  a  certain  stage 
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in  their  development.  The  body  of  the 
parent  exhibited  no  modification,  but  the 
external  influence,  saturating  through  the 
body,  was  sometimes  operative  on  the  germ- 
cells  and  thus  on  the  offspring.  In  some 
cases  there  were  remarkable  changes  in 
colour  and  markings,  and  even  in  minute 
details  of  structure.  And  there  was  no 
reversion  to  the  parental  condition. 

(7)  Another  "organism-environment"  re- 
lation is  that  implied  in  the  struggle  for 
existence,  which  in  its  widest  and  truest 
sense  includes  all  the  reactions  of  living 
creatures  to  their  surroundings  and  diflS- 
culties.  The  physical  world  is  careless  of 
life;  one  living  creature  presses  upon  an- 
other, competes  with  another,  devours  an- 
other. Thus,  while  the  environment  is  a 
stimulus,  it  is  also  a  sieve.  It  has  an  eliminat- 
ing action  which,  as  we  have  seen,  is  often 
discriminate;  it  sifts  and  winnows;  the 
result  is  extinction  for  some,  but  adaptation, 
and  this  it  may  be  a  degree  more  perfect, 
for  others. 

(8)  But  we  must  not  think  of  the  matter 
too  fatalistically,  as  if  organisms  were  always 
flike  helpless  fishes,  around  which  the  environ- 
jmental  net  closed,  only  the  little  ones  getting 
through  the  meshes.  True,  they  cannot  by 
taking    thought   increase    or  decrease  their 
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stature,  even  to  save  their  lives;  yet  they  are 
fertile  in  device,  persistent  in  endeavour. 
Even  the  worm  will  turn;  even  the  plant  will 
answer  back.  Living  crpat^ifps  nre  ng^^i^^; 
■they  thrust  as  well  as  parry;  they  aot  on 
thpir  snrmiindirfgs.  modifying  them; — they 
avf-  pver  sppl^i'Tlg  out  new  environments.,  and 
conquering  them. 

The    foregoing    analysis    has    suflSciently 
shown  that  the  range  of  relations  betweenthe 
living  creature  and  its  surroundings  is  a  very 
^Qmpley  one. — of  functional  dependence,  of 
periodic   punctuation,    of   transient   adjust- 
ment, of  more  lasting  adjustment,  of  per- 
manent modification,  of  variational  stimulus, 
of   elimination    or    selection,    up    to    active 
initiative  upon  the  organism's  part.     The 
evolutionary  import  of  these  relations  is  no 
doubt  even  more  intricate  than  we  can  yet 
/     see.     The  old  theories  of  direct  adaptation 
^^      in  response  to  altered  environmental  con- 
ditions, or  as  the  result  of  use  and  disuse, 
were  much  too  simple.     But  there  has  also 
:  been  far  too  great  simplicity  in  the  view 
5  too  long  prevalent  in  the  generation  after 
;  Darwin,  and  to  some  extent  even  to-day, 
,  that  each  species  must,   so  to  speak,  wait 
'  with  folded  hands,  until  fit  variations  emerge, 
whether  these  be  "spontaneous"  (i.  e.   un- 
explained), or  arise  in  course  of  shuflOiings  of 
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qualities  and  properties  that  undoubtedly 
must  occur  in  the  history  of  the  germ-cells. 

Indirect  Importance  of  Modifications. 
— The  interesting  suggestion  has  been  made, 
independently  by  Mark  Baldwin,  Lloyd 
Morgan,  and  Osborn,  that  useful  "modifica- 
tions" may  serve  as  the  fostering  nurses  of 
*' variations"  in  the  same  direction.  We 
quote  from  Lloyd  Morgan  a  brief  statement 
of  this  idea:  "Suppose  that  a  group  of 
plastic  organisms  is  placed  under  new  con- 
ditions. Those  whose  innate  plasticity  is 
equal  to  the  occasion  are  modified  and  sur- 
vive. Those  whose  plasticity  is  not  equal 
to  the  occasion  are  eliminated.  .  .  .  Such 
modification  takes  place  generation  after 
generation,  but,  as  such,  is  not  inherited. 
.  .  .  But  any  congenital  variations  similar 
in  direction  to  these  modifications  will  tend 
to  support  them,  and  to  favour  the  organism 
in  which  they  occur.  Thus  will  arise  a  con- 
genital predisposition  to  the  modifications 
in  question." 

"The  plasticity  still  continuing,  the  modi- 
fications become  yet  further  adaptive.  Thus 
plastic  modification  leads,  and  germinal 
variation  follows;  the  one  paves  the  way 
for  the  other." 

"The  modification,  as  such,  is  not  in- 
herited, but  is  the  condition  under  which 
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congenital  variations  are  favoured  and  given 
tinie  to  get  a  hold  on  the  organism,  and  are 
thus  enabled  by  degrees  to  reach  the  fully 
adaptive  level." 

Yet  another  consideration.  Although  we 
do  not  know  of  any  case  of  the  transmission 
of  a  modification  as  such,  or  even  in  a  repre- 
sentative degree,  we,  of  course,  agree  with 
Weismann  in  admitting  that  modifications 
may  have  secondary  effects  on  the  germ- 
cells,  and  thus  on  the  offspring.  In  this  way 
"nurture"  may  come  to  have  a  racial  im- 
portance. Nor  can  we  forget  that  the  en- 
vironment of  mammalian  mothers  is  bound 
to  have  an  influence  on  the  unborn  young, 
which  shares  the  maternal  life  so  closely. 
Apart  from  the  "mysterious  wireless  teleg-» 
raphy  of  antenatal  life,"  there  is  a  sharing!  ^ 
of  the  diffusible  substances  carried  by  the! 
blood. 

The  Role  of  Function. — We  cannot  go 
back  to  the  cruder  forms  of  the  Lamarckian 
theory,  and  believe  that  the  giraffe  length- 
ened its  neck  by  stretching  it;  yet  we  must 
beware  of  taking  too  simple  a  view  of  what 
function  implies.  What  are  the  certainties.'^ 
We  know  that  development — the  expression 
of  an  inheritance — demands  functional  as 
well  as  environmental  stimuli.  Practice 
makes  an  organ  possible.    Without  exercise 
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it  will  not  develop  fully.  Again,  we  know 
that  changes  in  function  have  great  individ- 
ual importance.  By  force  of  smiting  one  be- 
comes a  smith.  Even  if  there  be  no  multi- 
plication of  muscle-fibres  after  the  more 
strenuous  function  began,  each  fibre  is 
larger  and  worth  more.  Contrariwise,  disuse 
means  deterioration;  when  we  rest  too  much 
we  rust.  No  one  has  ever  doubted  the 
individual  importance  of  functional  modi- 
fications. Further,  although  the  transmis- 
sion of  a  functional  modification  remains  un- 
proved, the  secondary  and  indirect  results 
may  influence  the  germ-cells  and  the  off- 
spring. It  is  idle  to  say  that  what  living 
creatures  do  or  fail  to  do  has  no  racial  im- 
portance. Another  certainty  is  that  by  its 
activity  a  living  creature,  being  n6  mere 
puppet  of  fate,  may  alter  the  whole  situa- 
tion. This,  again,  may  have  evolutionary 
interest,  even  if  it  ends  fatally.  Admitting 
all  this,  can  we  say  more? 

The  Living  Organism. — ^The  secret  of  j 
Life  is  baffling  to  the  human  intelligence, J* 
refusing  to  be  formulated.  Often  the  con- 
ception of  Life  has  seemed  to  biologists  to 
be  within  reach,  and  then  it  is  perhaps  far- 
thest away.  It  recedes  as  we  approach.  Yet, 
though  intelligence  fails,  do  we  not  at  times 
come  nearer  to  it  through  sympathy?  Words- 
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.  yorth,  Emerson,  Meredith,  these  and  many 
other  Nature-poets  are  perhaps  the  truest, 

1^  because  deepest,  biologists  of  us  all. 

It  is  partly  in  the  intrinsic  difficulty  of  the 
problem — vital  activity  being  something  be- 
tween mechanical  causality  and  our  conscious 
purposing — and  partly  in  the  way  that 
science  ever  takes  on  the  colour  of  its  time, 
that  we  must  look  for  an  explanation  of  the 
historical  oscillations  of  biology  between  the 
mechanistic  interpretations  of  the  hving 
organism  and  the  vitalistic  appreciations  of 
it.  Now  it  is  a  machine  and  again  it  is  a 
spirit,  now  an  automaton  and  again  a  free 
agent,  now  an  engine  and  again  an  entelechy. 
The    pendulum    of    thought    continues    toy^ 

^ySwing. 

Despite  the  fact  that  as  yet  no  vitalist 
writer  has  succeeded  in  making  himself 
and  his  nomenclature  really  intelligible  to 
any  other,  and  that  the  frequent  gibes  at 
vitalistic  metaphysics  and  mysticism  remain 
largely  justified,  we  confess  that  the  modern 
movement  of  vitahsm  has  our  increasing 
gjmESiby-  It  affects  our  evolutionism  toj 
this  extent  at  least  that  we  feel  compelled  to 
recognize  the  persistence  of  some  originative  w 
impetus  within  the  organism,  which  expresses! 
itself  in  variation  and  mutation,  and  in  all) 
kinds  of  creative  ejffort  and  endeavour. 
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TJi^re  are  two  sides  to  all  doctrines  of  vital- 
iam — a  ppg-ntivp  ^idp  which  argues  towards 
the  impossibility  of  holding  to  the  purely 
mechanistic  interpretation,  and  a  positive 
side  which  attempts  some  further  elucidation 
of  the  life-mystery. 

As  an  outspoken  statement  by  a  competent  \ 
physiologist  and  physician  of  the  vitalist 
position,  on  its  critical  side,  we  may  take 
Dr.  Haldane's  recent  British  Association 
address  (Dublin,  1908).  "In  Physiology, 
and  Biology  generally,  we  are  dealing  with 
phenomena  which,  so  far  as  our  present 
knowledge  goes,  not  only  differ  in  com- 
plexity, but  differ  in  kind  from  physical  and 
chemical  phenomena;  and  the  fundamental  ^ 
working  hypothesis  of  Physiology  must  differ  ^ 
correspondingly  from  those  of  Physics  and 
Chemistry."  .  .  .  '^T^^  physico-ch^^ical 
theoT^y  of  life  has  not  worked  in  thf;  pn,g^  ^^^A 
ngypT*  r^r^r.  yrq^  As  soou  as  wc  pass  beyond 
the  most  superficial  details  of  physiological 
activity  it  becomes  unsatisfactory;  and  it 
^rf^nk'g  dowP  ^^^pl^tely  when  applied  \n 
f^jnd^mentRl  physiological  problems,  such  as^ 

Theories  of  Vitalism. — A  constructive 
and  comprehensive  endeavour  to  formulate 
a  doctrine  of  vitalism  is  that  of  Dr.  Hans 
Driesch's  recent  Aberdeen  Gifford  Lectures, 
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in  which  the  author,  working  from  his  stand- 
point as  an  experimental  embryologist,  ad- 
vances technical  proofs  of  the  "autonomy 
of  life,"  and  of  its  specific  distinctiveness 
from  the  not-living.  He  advances  an  elabo- 
rate threefold  argument  to  show  how  the 
interpretation  of  a  living  creature  as  a 
machine  breaks  down,  both  in  regard  to  its 
functioning  and  its  development;  and  he 
seeks  to  show  that  it  is  necessary  to  postulate 
an  immaterial  autonomous  factor,  or  "en- 
telechy"  which  punctuates  the  transforma- 
tions of  energy  that  go  on  within  the  body. 
(This  "entelechy"  is  the  living  creature's 
innermost  secret,  in  fact  its  directive  soul. 
Another  clear  and  comprehensive  exposi- 
tion of  a  theory  of  Vitalism  will  be  found  in 
Bergson's  "Creative  Evolution."  JRf^rgsrm 
H^e|1s  nn  tho  r]^^^  r^n^mMnr^<^^  b^tw^fTl  t^^ 

^fp   nf   tlip    nrp^anisTY]    fnH    our   OWU   perSQpal 

flT^p^nence.  We  change  without  ceasing;  the 
organism  is  in  a  state  of  ceaseless  flux  which 
we  call  metabolism.  Both  have  the  mysteri- 
ous quality  of  "  duree  " — but  duration  in  more 
thf^p  th<^  ypprely  plivsical  and  cl^ronological 
sense;  for  what  he  means  by  it  is  "the  con- 
tinuous progress  of  the  past  which  gnaws 
into  the  future  and  which  swells  as  it  advan- 
ces." "Our  personality  shoots,  grows  and 
ripens  without  ceasing.     Each  of  its  moments 
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is  something  new  added  to  what  was  before. 
We  are  creating  ourselves  continually." 
So  of  an  organism  it  may  be  said  that  llit3 
■past,  in  its  entirety,  is  prolonged  into  ii3 
present,  and  abides  there,  actual  and  acting.'^ 
' 'Continuity  of  change,  preservation  of  the 
past  in  the  present,  real  duration — the  living 
being  seems,  then,  to  share  these  attributes 

with  consciousness.      C^r}  we  gg  farthpr  and 

say  l^h^t  life>  like  consciQUf=}  fictivity,  is  un- 
ceasing  creation.^'' 

Bergson  answers  this  question  by  an  em- 
phatic affirmative.     The  spontaneity  ^f  )if^ 

is;  mam'ffi.sterl  Viy  q   r»nntimin1   nraotinn   nf  nP>w 

forms.  "A  hereditary  change  in  a  definite 
direction,  which  continues  to  accumulate 
and  add  to  itself  so  as  to  build  up  a  more 
and  more  complex  machine,  must  certainly 
be  related  to  some  sort  of  effort,  but  to  an 
effort  of  far  greater  depth  than  the  individual 
eflFort,  far  more  independent  of  circumstances, 
an  effort  common  to  most  representatives 
of  the  same  species,  inherent  in  the  germs 
they  bear  rather  than  in  their  substance 
alone,  an  effort  thereby  assured  of  being 
passed  on  to  their  descendants.     There  is  an 

original  <"rpa,t]Yfi  irnp^tng  in  lifp,  w>nVli  pnggpg 

from  generation  to  generntinn  of  germSj  i^ 
among   which   it   ^ets   divided,   and   is   thf? 
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of  those  variations  that  rmmt/' 

We  see,  then,  how  Bergson  psychologizes 
life  without  needing  to  invoke  the  "spiritual 
influx" — too  much  a  "deus  ex  machina" — 
which  is  demanded  by  Wallace,  to  explain 
the  genesis  of  man's  higher  faculties,  and 
indeed  to  explain  the  other  great  steps 
in  evolution.  Metaphysical  and  abstract 
though  his  interpretation  remains,  too  shad- 
owy as  it  is  for  the  needs  of  the  working 
naturalist,  we  must  recognize  that  here  is  a 
fresh  and  forceful  re-statement  of  the  essen- 
tial thought  of  Lamarck,  of  Goethe,  of  Robert 
Chambers,  of  Butler,  and  of  later  vitalists; 
in  fact,  of  all  who  have  most  deeply  felt  the 
supreme  importance  of  the  organismal  fac- 
tor in  evolution.  More  even  than  this,  here 
fg^  a.  now  ^onvfirsion  of   thf?  philosophpr  \j}fn 

thfi^Jbiologist,  and  when  we  recall  the  enthu- 
siasm with  which  the  late  Prof.  William 
James  proclaimed  himself  as  the  disciple 
and  exponent  of  Bergson,  we  see  how  fruit- 
ful may  be  this  re-opening  alliance  of  the 
abstract  with  the  concrete  thinker.  Again. 
a,s  ^^  Spencer's  day,  our  biology  and  oi;Lr 
psyrholngy  hnve  to  be  correlated  and  unifi^ed 

nnf?w.  and  all  towf^Ht^  thfr  phi|9,^ophy  of 

eififtlijtion.  Still,  with  all  respect  to  the  phi- 
losophers, who  have  taken  this  great  step 


FUNCTION  AND  ENVIRONMENT     207 

towards  becoming  naturalists,  we  cannot 
but  feel  that  the  next  step  in  progress  must 
depend  upon  how  far  wf^  i^^fnrolipfp  r^^yi  \j^ 
our  turn  become  sometliing  of  pqyr>V»r.1o^i'gtg 
and  even  philosophers. 

It  is  a  matter  of  common  sense  and  expe- 
rience, which  we  are  all  verifying  any  and 
every  day  for  ourselves,  th^t  the  psyohn. 
logically-minded  pf^rson  run  nnH  do^rs  v^cr 
iflrther  into  h'fe.  and  S^^"^  morQ.QgpQntc  r>f  I'f^ 
than  the  most  skilled  mechanic,  be  he  the  in- 
ventor of  machines  or  the  discoverer  in 
physics.  After  al}.  the  biologist  p'jTinnt.  be 
n^nt^nt  until   h^  }^r.r,r^nr,c.^  ^nmpthJTig  yyinrp 

than  a  physicist  and  chf^mist.  an  ^Tiatomi«tj 
sy^«tPmat,j,^j:  and  so  on:  beyond  its  struc- 
tures and  reactions,  life  has  an  aspect  jjf 
hehaviow^^  q^d  ^^^^  ''°i  ^^^^^  nWx  ^hp^  mRin 
QTif^  As  he  grasps  this,  he  becomes  a  bio- 
psychologist,  and  starts  upon  fresh  quests; 
at  first,  no  doubt,  and  properly,  armed  cap- 
a-pie  with  brass  instruments  and  copper 
wires.  Faithful  to  his  physico-mechanical 
upbringing,  he  measures  reaction-times,  he 
plots  curves,  he  again  reassures  himself  that 
there  is  nothing  more  in  Life.  But  one  day 
danger  and  opportunity  arouse  him;  another 
love  or  sorrow  awakens  him  altogether — not 
most  probably  to  any  mystic  vision  such  as 
vitalists  are  credited  with  by  their  opponents, 
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usually  far  too  generously,  we  suspect,  but 
at  any  rate  to  make  the  discovery  still  so 
rare  for  men  of  science,  albeit  an  open  secret 
to  plain  folk,  that  bevond  the  often  measur- 
able  biO-pSy<"br>SeS   of   tVlP  pgyn>ir.1r.giVo|    ^^>Kr^- 

rf^torv  there  are  DSVcho-bir>gpg^  nft^T]  I'm, 
measurable,  in. the  p^reater  world -lahor^iinry 
of  life.  After  this  initiation,  a  new  and 
before-unsuspected  thought- world  opens ; 
and  within  this  begins  the  real  controversy. 
<7f  rpponnling  thp  r^jpims  nr>d  Tnpthnrlg  r>f 
ord^rl;^  «r>iPn|^(^  -^I'th  thcSC  dcCPest,  VCt  mOSt 

J£^pr>tp>gfQK1p,  rintq  ^f  ^A^pprience.  In  such 
ways  the  enduring  contrast,  or  at  least  the 
bias,  of  the  mechanistic  and  the  vitalistic 
training  and  temperament  may  be  continued 
upon  a  higher  spiral,  with  results  ever  more 
fruitful,  yet  in  principle  already  in  view — 
from  one  side  that  of  carrying  physical  and 
chemical,  structural  and  functional  inquiries 
onwards  to  new  triumphs  of  analysis;  but 
also,  from  the  other  side,  that  of  tracing  the 
psychic  process  deeper  and  deeper,  into  the 
very  germs  and  origins  of  life.  Tr]  ^  ^^vA. 
thruj  it  in  for  th^  fpf^phanistic  biologist  to 
cease  from  scoflSng  at  the  vitalist  as  a  "mere 
mystic,"  and  to  set  ab(}1lti^^^^^^^^'^g  Pi^Y- 
^h^^^f^Y  "^^^^'^  ^p  rRiTl  ^^^^"^  scientific  clearness 
unc^n  his  vaspieness.  Till  then  he  but  lays 
himself  open  to  a  counter-sneer  from  the 
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mystic,    and    a    worse    nickname — that    of 
^'necrologist/^ 

Initiation  into  Psychology. — How  is  the 
biologist,  trained  in  the  dissecting-room,  the 
laboratory,  the  museum,  the  herbarium,  or 
even  in  the  garden  or  the  field,  to  get  at  the 
psychological  point  of  view,  even  when  he 
begins  to  feel  that  he  here  has  something 
to  learn,  that  he  in  fact  requires  it,  if  he  is 
to  be  a  biologist  indeed?  Even  in  Bergson, 
much  more  in  the  German  vitalists,  there  is 
too  much  of  the  intangible.  Let  him  begin 
with  Darwin  himself,  and  he  may  soon  feel, 
that  like  many  an  admiring  disciple  before 
now,  he  has  not  grasped  the  fully  rounded 
thought  of  his  own  master.  With  rare 
exceptions,  like  Lloyd  Morgan  for  instance, 
what  naturalist  of  us  all  is  not  far  more  at 
home  with  Darwin  when  he  is  in  his  field 
watching  his  earthworms,  in  his  garden 
watching  the  bees,  in  his  greenhouse  among 
his  insectivorous  or  moving  plants,  or  in  his 
study  writing  "The  Origin  of  Species," 
than  when  already  as  a  youth  upon  the 
*' Beagle,"  he  was  keenly  collecting  data 
which  eventually  formed  the  foundation  of 
his  ''Expression  of  the  Emotions  in  Man 
gjld--AliimaJs,''  a  masterwork  of  compara- 
tive psychology;  or,  as  a  grandfather  in  his 
easy-chair,  keenly  and  kindly  watching  the 


glO  EVOLUTION 

daily  growth  of  his  child-playmate,  and  so 
laying  foundations  for  that  great  science  of 
mental  embryology  still  best  known  by  its 
fit  and  homely  name  of  child-study?  A 
naturalist,  too,  has  a  respect  for  embryology : 
let  him,  then,  take  as  guide  the  foremost 
of  American  mind-embryolo^i^ts,  Prp,<^j^pnt. 
Stanley  Hall  (see  the  American  Darwin  Cen- 
tennial volume,  "  Fifty  Years  of  Darwinism") , 
who  after  creating  a  very  paradise  for  the 
guild  of  brass  instruments,  and  long  and  lead- 
ing services  to  child-study,  has  of  later  years 
applied  himself  to  the  no  less  fruitful  and 
perhaps  even  more  important  field  of  Ado- 
licence:  that  magic  Dionysiac  moment  of 
human  metamorphosis,  in  whiVh  ^isdom  and 

«nrl  f^T»TpATit  r^iit  %|y^  withiu  the  ]s,siies  of 
f^arh  Tna.tnrii^g  life,  in  passion  or  apathv, 
^^fi^  virtiUP  ^r  yipPj  social  service  or  crime,  health 
r^X  iTignni±y  For  him  as  for  Darwin  "the 
soul  of  man  is  no  whit  less  the  offsprin^L-af 
^^i^-lli  t.hOT  f^  ^^'^  body.  Our^  psychic 
.powers  are  new  dispensations  of  theirs.  The 
'  ascending  series  of  gradations  is  no  more 
broken  for  the  psyche  than  for  the  soma." 
Following  Darwin  still,  his  "method  is  always 
and  everywhere  objective  and  observational, 
never  subjective  or  introspective.  ,  .  .  XLe 
^Vm    idtirnfltf>    knowledge    of   our   psyche    is 
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the  H^ffcription  oL^ll  developmental  stages 
fippTn  the  amnpha  up:  and  those  move  most 
surely  among  the  altitudes  who  have  most 
carefully  explored  the  depths  in  which  the 
highest  human  powers  originate.  Emotions 
are  best  stndierl  in  their  outward  eypressiona 
of  gesture,  will  is  investigated  hy  the  study 
of    ht^hflYJOUr,     intelligence    hy    massed  ^Lu> 

fitniurf^ii  of  ?=ing,n>rij^,  and  not  bv  analysis 
upder  Q]d   rubrics." 

With  example  like  this  of  Darwin's,  and 
guidance  like  this  of  Stanley  Hall's,  no 
biological  brother  need  fear  to  enter  the 
school  of  psychology,  as  we  ourselves  have 
done,  albeit  also  tardily.  From  its  many 
and  ever-widening  outlooks  new  views  ap- 
pear; on  one  side,  perhaps,  a  glimpse  of  how 
to,rlear  up  the  vaguenpssof  current  vitah\^tn. 
^^  in  npy  case  many  wavs  of  mellowing  the 


CHAPTER  Vn 

EVOLUTION    THEORIES    IN    THEIR    SOCIAL 
ORIGINS  AND  INTERACTIONS 

Evolution  theories:  their  history  from  social  side — Limi- 
tations yet  advantages  of  social  outlooks — From  social 
progress  to  naturalist  outlook — Science  in  its  relation  to 
labour — Science  in  Philosophy,  Education  and  Life — The 
natural  sciences  once  more — Summary  of  preceding  argu- 
ment— Education  through  nature-occupations  to  vocations 
— ^Rustic  and  urban  as  contrasted  in  thought — Needed 
renewal  of  rustic  point  of  view. 

In  the  introduction  we  saw  that  the  doctrine 
of  evolution  was  on  one  side  a  generalization 
from  science  after  science — from  astronomy 
and  geology,  even  sooner  and  more  plainly 
than  from  zoology  and  botany;  from  phi- 
lology and  other  human  sciences  also.  We 
saw  the  faith  in  evolution  arising,  less  con- 
sciously, no  doubt,  but  perhaps  all  the  more 
deeply;  and  through  the  social  transfor- 
mations of  its  age.  Th^  gf^y^eration  of  cul- 
jjaiaating  political  revolution  in  France^  that 
of_the_culmination  (gl  the  industrial  revolu- 
tinyj  in  England,  have  thus  expressed  them- 
selves through  I^amarck  and  Darwin  more 
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clearly  than  either  thinkers  ever  dreamed, 
or  than  their  respective  exponents  and  dis- 
ciples have  realized. 

The  wealth  of  first-hand  observation  from 
which  Darwin  and  his  successors  generalized 
their  conviction  of  "the  all-sufficiency  of 
natural  selection"  was  thus  a  less  simple  and 
child-like  discovery  of  Nature  than  it  seemed; 
it  was  a  new  and  modern  selection  from  the 
wealth  of  Nature's  aspects  and  interests. 
For,  when  all  is  said  and  done,  ''the  eye;  sees 

only    what    it    bT-ingq    witVi    it    tVip    po^yfir    of 

seeing."  What  are  Lamarck's  interpreta- 
tioTis  of  the  effects  of  use  and  disuse,  his 
assured  insistence  upon  the  interior  freedom 
of  the  organism  to  realize  its  inmost  capaci- 
ties, h\it  thp  npw  stpp  i>  sof*i>l  progrpsg 
through  ahnnrlnrirpp^f  nf  nntworn  rvrrlprq  of 
&Oci(^.tv.  th^  frpprlorp  npf>Tii'Tig  K^fnrA  n^w  nnf^^? 

"La  carriere  ouverte  aux  talents"  is  pure 
Lamarckism;  so  again  the  splendid  over- 
assurance  of  the  Napoleonic  epic,  that  "every 
French  soldier  carries  a  marshal's  baton  in 
his  knapsack."  But  the  colder  business 
view  so  characteristic  of  English  thought 
came  to  prevail  over  such  political  and  mili- 
tary exaggerations;  the  ideals  of  mechanical 
efficiency  and  of  individual  and  financial  suc- 
cess rising  above  the  ruins  of  liberal  aspira- 
tions and  of  imperial  achievements  as  they 


214  EVOLUTION 

have  so  often  done.  Henoe  a  vmw  of  PTroTiir 
ti'r^n  fc^^^ipptinlly  mppliamV^I.  in  terms  of  the 
division  of  labour,  the  cumulative  patenting 
and  the  like,  which  were  gradually  evolving 
the  express  locomotives  or  the  manufactur- 
ing plant  of  Darwin's  day,  and  now  the  fly- 
ing-machine in  our  own.  Hence,  too,  views 
essentially  competitive  and  commercial,  albeit 
of  various  shadings,  from  old-fashioned 
individual  efficiency  to  cheaper  and  cheaper 
undersellings,  with  advantages  here  from 
advertisements  more  and  more  brightly  and 
seductively  coloured,  there  from  deceptive 
imitations  more  and  more  subtly  wrought. 

pliy    T^n^    r^]^Q    tliA    trs^fjp    nf    T.ifp?       Yct    with 

all   this  freshness   and  vigour  of  economic 

application,  there  >iQg  prP^r^jji^r]   \j^   fj^^  mcn'n 

and  still  prevails,  jLTiar^^  fr>rgA+fn1nf>gg  ^f 

t.l^p  Qinpjfll  origins  nf  thpsf^  nntnrRlists'  c\\^^ 
cov^ries. 

Similarly  in  neo-Darwinian  times.  With 
united  and  real  respect  for  Weismann,  for 
whose  work  one  of  us  has  once  and  again 
acted  as  translator  and  editor,  the  other  yet 
ventures  to  urge  one  of  the  very  few  criti- 
cisms which  that  wide  and  fair-minded  and 
subtle  thinker  seems  never  to  have  consid- 
ered: t|ie  striking  g^^^'^l  pprf^llplism  nf  Viis  nxxLU 
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ti^mp'^^^^y  r^^rmnny;  with  th^  -^nVtnnVg  Q^jrl 
h^gf^TYinn;^^  of  Prn.ssia.^the  renewed  claims  of 
its  Rristnnrnry  also;  anH,  Rhovf^  n]]j  with  its 
dnrtrinr  of  rniPP,  pnlitirri^  nnd  v^nthropnln- 
girnl  ^^mHrH  The  intermediate  step  be- 
tween this  ruhng  Prussian  world  of  action 
and  \Yeismann's  ascendancy  in  speculative 
biology,  is  indicated  by  the  widely  diffused 
doctrine  of  Count  Gobineau,  consciously  and 
avowedly  bio-social  as  this  has  been.  All 
these  movements  alike  have  now  found 
eloquent,  though  hardly  scientific,  expres- 
sion in  Houston  Stewart  Chamberlain,  whose 
contemporary  vogue  in  Germany  is  thus 
earned  and  explained. 

Limitations  yet  Advantages  of  Social 
Outlook. — But  the  reader  may  ere  now  be 

saying:     Tf  this  be  true,   ^^  l^ir^lr^ginal   rlnr^f^^p^c 

bp  ^^^^^  ^^^^  RiiS  ^1]<T^  projections  of  thmr 

«odfi(l  ns^  ^if"  ^^  here  sugfT^?t<^^T  ^^^^i  bfimm^^s 

^1  thp-  inflppendent  scifint-ipf^  vnhip  their  hfivpt 

Is  your  science  merely  a  new  anthropomor- 
phism .^^ — and  if  so  how  does  it  diflFer  from  the 
mythological  accounts  of  Nature  it  claims 
to  displace  .f^ 

The  answer  is  not  so  diflBcult  as  it  seems, 
the  result  not  so  unsatisfactory  after  all. 
The  indpnpndpfipe  of  the  doctrincs  of  an\ 
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.soienne  from  tVip  snoial  lifp,  tlip  prpv^,|prif 
thought  of  the  gen^r^t ^'^^  ^'^  xvliiV>>  tVipy  an'sp. 

ii^  JnH*^^^  ^  firti^^,  t^  superstition  ^f  th^ 
SfjpTitist  which  we  would  fain  shatter  beyond 
repair;  but  the  snienre  Jt'j^flf  becomes  all  the 
s<;,>tlP^^^  ^^^  rppnp^TiiVin^  ifg  ^nrfirti^  and  its 
r^s^urces.    its    prps^nt    limitations    and    its 

riAPrlg    nf   ^rt^fs^    ^^'^^^    frnm    r^tVif^r   minrig,    ^rr^m 

^'%rfint.  «^^i'^^  mmilHg  Robinson  Crusoe 
made  an  excellent  survey  of  his  island,  and 
felt  a  legitimate  scientific  assurance  of  its 
thoroughness,  a  corresponding  personal  pride 
also;  but  when  Friday  came,  bringing  with 
him  a  widely  different  tradition  of  culture,  his 
fresh  survey  not  only  enriched  his  master's 
at  many  a  point,  but  taught  him,  indeed 
each  of  them,  its  relativity  as  well.  Here 
indeed  is  the  practical  criterion  of  scientific 
f^nnphisinns.  their  yerifiability  bv  diverse 
juimJs.  So  far  then  from  sneering  at  La- 
marck as  an  impassioned  son  of  the  revolution, 
at  Darwin  as  a  shrewd  and  prosperous 
modern  Englishman,  at  Weismann  as  a 
German  ennobled,  and  so  on,  we  begin  to 
see  how,  just  as  ''it  takes  all  kinds  of  people 

tn  mnlrn  n  Tiffiii»1r1/'  c^^  if  Trmst  ajgo  fr,  gi-ir^ 
anything  Ijkfi  P  fitlL-nnnmiTit  nf  if,  frk  pipqr 
thPSP     r'^^^l^l     pippr^iiTifg     np      inff^      q       gpipj^^P. 

A  science  is  one  of  the  most  collective,  most 
historic,  of  products;   nndjrijj.st  ffv^ip^  tV^r^- 
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fore.  thoiip;li  tli^  mistoHi'a.y^s  of  its  heritage 
Waj  yt^t  few.  ^ 

There  is  a  time  for  everything,  and  since\ 
philosoD>iY,  pr  any  portion  frf  it  w^rth  ^villinc 
gfenerahzerl  scienx^e  is  (or  at  least  should  be) 
the  rjpef^ffl  fmH  r.f  ^vp^pVnr>^  the  retire- 
ment of  the  student  and  philosopher  from 
the  noise  and  turmoil,  the  delay,  hourly 
pressure  of  the  world,  is  as  necessary  and  as  ^^^U^-o 
legitimate  a  process  as  is  setting  apart  the 
milkpan  to  let  the  cream  rise.  The  mistake 
arises  when  we  begin  to  think  of  this  isola- 
tion as  the  sole  essential,  and  overlook  that 
all  the  cream  we  get  comes  from  the  cow,  and ,. 
from  such  pasture  as  we  can  give  her.  The 
qualities  and  defects  of  the  retiring  biological 
philosopher  thus  become  apparent.  Take 
Mr.  Spencer  for  choice.  After  an  education 
unusually  scientific,  an  experience  unusually 
practical,  including  participation  in  the 
greatest  constructive  activities  of  his  day, 
both  as  railway  engineer,  as  mechanical  in- 
ventor, and  in  its  theoretic  discussions  also, 
as  editor  and  as  economist,  he  takes  more  and 
more  general  views,  first  as  leader-writer, 
then  as  essayist,  and  thence  abstracts  him- 
self into  his  long  and  devoted  cloistered  life 
as  philosopher.  But  after  all,  how  little  in 
essential  thought  does  his  reasoned  philoso- 
phy get  beyond  its  initial  statement  in  his 
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sporadic  essays? — and  how  largely  are  these, 
in  qualities  and  in  limitations  alike,  the 
expressions  of  his  boyish  and  his  youthful 
education,  his  professional  experiences? 

From  Social  Progress  to  Naturalist 
Outlook. — Once  more>  then,  we  insist  upon 
the  progress  of  evolutionary  srienre  as  fr^m 
social  progress  to  its  nntiiraliH  sn^jAicsiiion. 
In  our  opening  chapter  we  put  this  plainly 
enough,  but  as  it  were  once  for  all;  thence 
passing  as  naturalists  into  the  field,  and  as 
biologists  into  the  laboratory  and  study. 
Darwin  is  again  the  example  of  this  life- 
history  of  the  naturalist.  Malthus  once 
grasped  and  applied,  he  drew  no  more  drafts 
upon  political  economy,  consciously  at  least; 
and  his  many  disciples  and  continuators 
have  been  no  more  conscious  of  their  stoutly 
utilitarian  economics  than  was  M.  Jourdain 
of  his  prose:  though  of  course  it  has  been 
none  the  less  there  all  the  time.  Wallace, 
indeed,  practically  alone  among  Darwinians, 
and  more  divergent  and  original  than  his 
generous  loyalty  has  ever  allowed  him  to 
realize,  has  kept  in  touch  with  the  movement 
of  economic  thought,  and  that  in  later  and 
less  canonical  schools  especially;  he  has 
striven  to  throw  light  upon  other  puzzles 
and  controversies,  from  political  to  psycho- 
logical,  from  geographic  to  religious;    but 
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thereby,  despite  services  to  evolutionary 
biology  second  only  to  Darwin's  own,  he 
failed  to  widen  the  interests  of  fellow- workers 
henceforth  specialized,  and  perhaps  rather 
intensified  their  reluctance  to  venture  be- 
yond their  immediate  problems.  They  too 
were  doubtless  so  far  right  in  this:  their  re- 
examination of  Nature  in  the  light  of  the 
Darwinian  theory  has  been  a  great  task. 
But  now  on  many  sides  fr^,sh   chapters  of 

are  manv  workers  who  ie^]  frpp^  pvpn  mn- 

^nin^^i  ^^  r^l^tA  nj]r|    nnify  thp  pVipnompna. 

of  development  of  plants  and  animals  and 
man^  the  intricacies  of  structures  and  func- 
tions, variations  and  diseases,  amid  which 
have  lain  our  various  individual  trainings 
as  organic  evolutionists,  with  those  of  other 
evolutionists,  not  only  the_cosmic^  but  the 
social.  Hence, ^ then,  ttie  planning  of  this 
little  book — which  starting  with  the  social 
origins  of  biological  evolution  theories,  next 
naturally  gives  its  main  bulk  to  the  bio- 
logical theories  themselves,  but  increasingly 
suggests  the  fruitful  parallel  of  orffanic  and 
sx)cial  evolution;  and  now,  as  it  draws  to- 
wards conclusion,  it  argues  with  more  and 
more  insistence  for  the  conscious  renewal 
of  this,  as  a  working  partnership  hence- 
forward. 


t>. 
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Science  in  its  Relations  to  Labour. — 
Note  here  another  difference  between  the 
opening  treatment  of  this  paralleHsm  and 
that  with  which  we  now  draw  to  a  close.  Bio- 
logical evolution  as  projection  of  a  social 
philosophy,  be  this  conscious  or  unconscious, 
and  the  resultant  renewal  of  Nature  studies 
as  observant  and  inductive  in  the  field,  are 
alike  the  expression  of  that  wisely  passive 
mood  in  which,  with  naturalist  as  with  poet, 
"we  see  into  the  life  of  things."  But  man 
is  born  to  labour  also:  his  hand^  have  made 
hTO  wise:  the  complex  brain  not  merely  or 
mainly  growing  up  in  vacuo  or  in  abstracto 
nor  even  in  encyclopaedia,  as  one  school  of  ed- 
ucationists after  another  has  falsely  thought 
and  wrongly  applied,  but  as  we  now  begin  to 
see  and  to  apply,  in  intimate  interaction  also 
with  the  skilful  and  strenuous  hand,  goj^ripe^ 
no  less  t.l^an  fine  art,  is  psspntiallv  nf.  thp 
wnrVing  f»1a«g        TJkp  nrt  it  i«  (^f pft-PvppnVnpp 

ccaflsfikillj  gCilkijaiJiatiive,  fnr  the  sripyitist 
Tj^ore  rpfl^^^tivp.  as  for  the  artist  more  im- 
passioned. Science  is  always  observing,  in- 
quiring— blundering  therefore  also — with  the 
t..  prentice;  is  in  f^ot  ajp^rpetual  apprentioe: 
>J^  yet  skilled,  and  that  a  degree  beyond  the 
customary  journeyman — speculative,  ex- 
perimental, inventive,  with  the  best.  Fur- 
thermore,   S^ieng^    i^    experienced     rritiraL 
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comprehensive,  with  the  master,  and  hence 
li  »^^irh  .g^T'-inVft  trk  }ii,g}  Iflirge  undertakings. 
True,  the  working  world  around  us,  bound 
all  day  to  the  wheel  of  labour,  is  hypnotized 
more  even  than  is  the  middle  class  by  nominal 
wages  in  money  instead  of  real  wages  in  life; 
more  even  in  its  brief  leisure  than  the  upper 
class  by  fair  abstractions  and  fine  words; 
and  so  it  has  lost  sight  of  its  outstanding 
artist  leaders,  its  pioneering  scientist  ones, 
as  they  of  each  other.  Hence  as  yet  when 
new  leaders  emerge  amid  its  ranks  it  is  as 
amateur  barristers,  or  amateur  financiers, 
for  the  most  part,  gtjll,  f\\^,  reunion  of  arts 
and  scienpps  with   I^^^^ht-   'Sj;;  poTnin'  ypt   inv 

a  that/'  and  with  i^  ^  ^lew  age  of  ..JLOftw^ 
evolution^  OTr^  of  f^frrrf^Rpftndinc — impulsft 
to^m)tlutieflr-lheoi,y  -abo. 

Science  in  Philosophy,  Education,  and 
Life. — Of  this  incipient  renewal  of  philoso- 
phy with  social  life  the  discussion  of  prag- 
matism is  an  example:  but  for  our  purpose 
its  change  of  stress,  from  passive  knowledges 
to  active  purposes,  is  more  obviously  ex- 
pressed in  tjie  coming  in  of  manual  training 
to-day  after  that  of  "Tsn'^r»ti^n  ingtr^iptirtn 
jyesterdav.  To-morrow  we  shall  realize  that 
more  of  free  and  creative  art  is  needed  to 
redeem  industry  from  its  mammonism  and 
its    drudgery,    as   science    from   formalism 
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and  cram;  thereafter,  with  the  unison  of 
all  three  will  come  education  indeed;  artistic, 
scientific  and  practical;  heart,  head,  and 
hand;  and  each  calling  out  the  others  to 
fuller  expression  and  development. 

rr^n^fffply,  l^p-^  nan  tihiiS  ^T»PQTri  r^f  In. 
fjlVldlial  rlf^^rplnpTYiPnt  «n  impnrtani  f^^  th"^ 
prn,fTrpss  nf  gfiionnp    thp  rpgdiy^g  of  pyohition. 

hp^  apti]f^11y  ^ppljed  and  brought  about?  So 
far  as  the  sciences  are  concerned — and  these 
are  commonly  esteemed  the  most  difficult — 
the  principles  of  its  applications  are  clear. 
While  the  services  of  each  science  to  practical 
life  are  constantly  insisted  on,  and  in  no 
danger  of  being  overlooked,  we  far  more 
often  and  readily  forget  the  rise  of  each 
science  from  practical  life.  But  the  historic 
beginnings  of  geometry  with  measurement 
are  again  in  progress  in  the  schools.  Those 
of  astronomy  with  navigation  have  long  been 
well  taught  to  the  sailor  youth,  and  now  the 
boy  scout  is  learning,  like  his  pastoral  an- 
cestors, to  find  his  time  by  the  sun,  his  way 
by  the  stars.  Nor  is  this  a  matter  of  ele- 
mentary education  merely;  here  lies  the 
main  progress  of  research  also,  that  higher 
education  of  th^  i,ndividual  and  \}}e.  rar-e 
tiOf^pt^^^^  Thus  the  problems  of  daily  lire, 
the  emergencies  of  practice,  called  out  the 
highest  powers  and  achievements,  from  Ar- 
chimedes of  old  to  Kelvin  yesterday. 
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For  fuller  illustration — whether  we  state 
on  principle  more  abstractly  (as  the  rise  of 
science  from  practice) — or  more  concretely 
(experimental  science  as  proletarian  expe- 
rience and  initiative),  we  cannot  do  better 
than  bring  to  these  tests  some  of  these  great 
leaders  of  science,  whom  the  uninitiated  still 
practically  think  of  as  magicians  and  wizards, 
much  as  they  did  of  their  predecessors  of 
old.  Tfllcpj^^^hpp,  TTplvin  and  T.iste^.  Leaving 
aside  the  too  common  London  populace 
view,  to  whom  these  names  are  impressive 
nierely  as  Lords,  albeit  a  little  lower  than 
the  brewers;  or  the  more  educated  London 
view,  which  would  appreciate  them  as  suc- 
cessive Presidents  of  the  Royal  Society,  it 
is  plain  that  a  more  real  and  biographic 
understanding  of  the  one  is  as  the  farthest 
ranging  of  the  mathematical  and  the  ex- 
perimental physicists,  both  pure  and  ap- 
plied, and  of  the  other  as  the  renewer 
of  modern  surgery.  Biographically,  we 
understand  Kelvin  better  .  in  his  ,  lifelong 
environment  of  Glasgow;    but  only  fully  a^ 

'we  see^its  significance,  for  one  thing  as  the 
gfeaF  fiord  of  the  iron  shipbuilders,  with 
their  consequent  dangers  of  deranged  com- 
pass   and    the    like,    whence    a    well-known 

^example  of  Kelvin's  experimental  solutions. 
Here,  too,  arose  James  Watt,  with  his  Pro- 


k^ 
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methean  control  of  new  energies;  and  here 
fitly  also  in  turn  Kelvin  to  control  the  yet 
subtler  and  more  potent  spark  of  electricity 
with  inventions,  each  a  literal  masterpiece 
of  craft  subtlety  and  of  manual  skill.     Kel- 
vin, whom  in  illustrious  old  age  the  world 
/  delighted  to  honour,  was  thus  as  truly  the 
j  master-smith  of  Glasgow  as  had  been  Watt 
'  before  him;    so  the  spacious  physical  labo- 
ratories of  every  university  in  the  world  to- 
day are  still  above  all  the  local  extensions  of 
William  ThomaoQ^s^Uar- workshop. 

So  Lord  Lister  is  not  to  be  understood 

primarily  even  as  surgeon-in-chief:  his  place 

/in  history,  immortal  though  it  be,  is  also 

/  humble,    humbler    even    than    that    of    the 

\  plebeian  branch  of  the  profession,  the  bar- 

\  ber's.     For  he  with  his  antiseptic  surgery 

is  "the  shepherd  with  his  tarbox  by  his  side"; 

more  simply  still,  since  full  shepherd-craft 

is  far  beyond  his  ken,  he  is  the  "tar-boy," 

who  waits  upon  the  shepherd,  ready  to  put 

on  his  dab  of  antiseptic  wherever  needed. 

Sq.  Pasteur  was  not  essentially  a  magnate 

of?the  Legion  of  Jionmir.  tEe_„mpmher  of  two 

>lpfl,df^Tr^iV^  at  home,  and^f  all  abroad :    nQt 

e^^ej\  primarily  the  ^reat  chemist.     He  was 

a  tanner's  son,  born  and  bred,  that  is,  amid 

the  greatest  and  oldest  of  antiseptic  processes, 

and  developing  and  applying  it  all  his  life. 
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More  generally,  in  character  and  experience 
he  was  a  Jura  peasant,  with  all  the  French 
peasant's  tenacious  and  tireless  industry, 
his  manifold  minute  economies.  One  rare 
advantage  he  had,  and  this  it  was  which 
made  him  the  world's  master-peasant — the 
daintiest  ultra-feminine  eye  for  dirt,  and  as 
its  direct  and  woman-like  application  a 
super-housewifely  passion  for  cleaning.  How, 
out  of  these  simple  conditions,  these  homely 
and  humble  antecedents,  came  discoveries 
and  applications  revolutionizing  industries, 
agriculture,  medicine,  and  through  Lister 
surgery  (for  Lister  is  Pasteur's  tar-boy), 
we  have  tried  to  tell  elsewhere. 

So,  again,  the  botanist  is  in  the  university 
as  the  representative  of  the  old  herbalist,  the 
wise  woman  gathering  her  simples.  Lin- 
naeus, with  his  world-museum,  his  proudly 
entitled  "System  of  Nature,"  albeit  traveller 
and  scholar,  is  essentially  and  traditionally 
a  head-pharmacist,  the  most  orderly  on 
record  of  that  necessarily  tidiest  and  most 
careful  of  guilds.  Jussieu,  of  the  natural 
system  which  replaced  the  pharmacists' 
inevitably  more  artificial  one,  was  the  king's 
gardener,  the  man  of  living  flowers,  charged 
to  keep  the  queen  and  her  ladies  in  bouquets, 
and  so  getting  a  free  hand  to  vary  them,  and 
an    intelligent    and    questioning    audience 
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sometimes  to  explain  them  to,  whereby  in- 
deed botany  came  into  fashion.  Of  botany 
there  are  always  these  two  schools — the 
pharmacist's  and  the  gardener's;  so  its 
professors  belong  essentially  to  one  or  other, 
sometimes  partly  to  both,  but  never  thor- 
oughly: that  is  too  much  to  ask.  The 
zoologists  then?  These  are  hunters;  first 
out  after  big  game  with  its  dangers,  its 
trophies;  after  birds  too,  and  their  plumage. 
Sometimes  there  comes  to  one  the  vision  of 
St.  Hubert,  and  then  he  lays  aside  his  gun, 
and  takes  up  his  notebook  or  his  camera. 
Darwin  was  one  of  these  from  his  Beagle 
days  at  any  rate;  but  before  that,  he 
was  plainly  of  the  hunter  type — in  fact,  a 
born  truant,  the  stuff  true  poachers  are 
made  of. 

Other  naturalist-hunters  come  down  to 
smaller  and  smaller  deer,  next  to  their  fleas 
and  midges,  and  now  to-day  are  hunting  out 
the  parasites  within  these,  and  to  some  pur- 
pose. Other  naturalists,  again,  are  fisher- 
men, increasingly  expert,  their  huts  and  pools 
growing  into  zoological  stations,  their  nets 
searching  the  sea  from  its  surface-plankton 
to  abyssal  dredgings;  and  these  from  Arctic 
to  Antarctic.  Plainly  then,  the  natural 
sciences  grow  up  along  with  practical  life 
and  ever  learn  from  it  anew. 
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Summary  of  Preceding  Argument. — 
Collecting  now  all  the  threads  of  this  long 
discussion  towards  a  fuller  grasp  of  the 
studies  of  evolution,  the  result  is  plain 
enough.  ^iT^re  we  cannot  hut  project  our 
^luman  thought,  our  soma!  progress,  upon 
Nature,  let  thi*«  h^  rnqy^^  than  that  of  past 
or    passing    pha,^ps   qnrl    groups,    but   of    the 

Hiff  Yfry  bp«^,  since  here  is  the  growing- 
point  of  our  own  evolution.  Yet  we  must 
test  all  anew  in  the  field;  for  by  our  fresh 
glimpse  of  theoretic  light,  the  whole  world 
must  be  reviewed  afresh,  and  our  new  light 
ray  tested  in  its  turn  for  all  it  may  be  worth, 
as  well  for  all  it  can  reveal.  The  true 
Darwinian  is  thus  not  he  who  longest  swears 
by  the  word  of  the  master,  and  stretches 
some  classic  adaptations,  say  of  flower  and 
insect,  towards  its  breaking  point,  but  he 
who  with  a  social  philosophy  ndv^^^^^  ^^- 

goes  forth  anew  into  t^^  ^^¥  For  one  this 
bettered  social  theory  may  be  Marx's,  for 
another  Ruskin's,  for  another  Gobineau's, 
Nietzsche's,  and  so  on:  each  is  actually 
yielding  its  biological  result.  Most  obviously 
perhaps,  Galton's,  since  his  studies  have 
been  again  of  the  population  question,  but 
in  what  new  light!     And  with  what  fresh 
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results  and  impulses:  here  with  biometrician 
disciples,  there  with  no  less  active  Mendelian 
antagonists ! 

Ypt^  fls  ^yp  havp  sppn^  if  is  pr>f  PrmingTi  to 
hfi_st.^iHents  even  nf  Mnn  nnH  Nat^jrp;  we 
njLUst  also  take  our  pfirt  in  the  world  of  action- 
if^we  would  understand  the  actjoTi  of  h'fp. 
The  scientist  has  affirmed  this  intensely  in 
his  insistence  on  field  work,  on  museum 
work,  on  laboratory  work:  but  still  too 
narrowly;  even  with  zoological  stations  and 
experimental  institutes  thrown  in.  Here  no 
preparation  can  be  too  full,  too  varied  in  its 
practicality. 

Explore  our  region  here,  and  any  other 
you  may  have  the  good  fortune  to  reach, 
fully,  thoroughly,  repeatedly,  from  hill- 
top to  sea-bottom  and  back  again.  Realize 
your  environment,  your  region  through 
activity  also:  and  this  not  only  as  an  ex- 
cursion-field, a  playing-field,  from  ski  to 
dive,  it  may  be  as  hunting-field  in  moderate 
measure,  but  as  work-field  also,  and  above 
all.  Go  down  into  mine  and  quarry;  get 
some  turn  at  hewing  coal,  at  dressing  stone. 
The  anvil,  the  joiner's  shop,  the  carver's  or 
other  studio  are  all  excellent;  already  com- 
ing into  use  for  afternoons  at  any  rate  of 
school  winters  in  town:  in  summers  be  out 
in   Nature;     see   and   touch   Nature   alive. 
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Go  out  then  with  the  herring-fleet  for  one 
summer's  holiday  at  least:  work  in  the  fields 
a  spring,  a  harvest,  and  tend  the  horse,  as 
well  as  hold  the  plough.  Work  too  in  the 
garden,  and  this  for  kitchen  as  well  as  for 
drawing-room;  yet  also  for  general  beauty 
as  well  as  detailed  use.  Above  all,  and  not 
only  for  culture's  sake  but  character's,  get 
out  with  the  shepherds,  till  you  know  not 
only  something  of  their  work,  but  of  them- 
selves.    Tn  each  craft,  at  each  level,  learn 

pot  r^^h^  gr^mptViing  nf  tViP  TTnmprliatp,  WQV^i 

but  of  its  workers.  flTir|  of  th^iY  iHp^I  f^jrns, 
their  cultii^^-spirit.  for  there  is  no  true 
work  and  no  true  worker  without  this:  then 
you  can  choose  your  occupation,  or  rather 
it  will  choose  you,  and  at  such  level  as  you 
may  be  fit  to  rise  to,  here  of  its  construc- 
tive toil  and  skill,  there  of  its  song  or  story, 
its  science  or  its  art. 

Rustic  and  Urban  as  contrasted  in 
Thought. — Of  all  the  many  occupational 
experiences  there  are  but  two  main  types, 
those  concerned  with  organic  and  with 
physical  nature,  the  rustic  and  the  urban, 
in  a  word,  the  vitaj^  and  the  mechanical. 
Here  is  the  main  contrast  of  town  and 
country,  in  their  characteristic  experiences, 
their  essential  occupations;  and  the  re- 
sultant  interpretative    evolutionary    stand- 
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points  which  we  are  seeking  will  be  essen- 
tially these  two,  will  be  characterized  by 
familiarity  with  the  processes  of  mechanism 
and  of  growth  respectively.  The  town  in- 
tellect is  of  course  the  swifter,  the  clearer, 
more  precise  and  definite,  the  more  assertive 
and  authoritative  accordingly;  hence  its 
characteristic  contributions  to  knowledge 
and  to  social  progress,  and  the  satisfaction 
with  which  it  proclaims  these,  and  with 
which  it  applies  these,  doubting  nothing,  to 
the  education  of  the  rustic  world,  which  un- 
doubtedly comes  forward  accordingly — but 
into  town.  That  surviving  slow,  heavy- 
footed  peasant,  behind  his  plough,  or  gazing 
over  the  fence  at  his  growing  corn — what  i 
blank  stupidity!  That  shepherd  striding  I 
back  from  the  snow-drift  with  the  lamb  \ 
within  his  plaid — what  pretty  sentiment! 
That  is  what  the  mechanicals  and  moneyers 
and  paperists  of  cities  see  in  these  silent 
servitors  of  Life. 

Needed  Renewal  of  Rustic  Point  of 
View. — Suppose,  however,  that  they  one 
day  become  articulate;  that  Pasteur  is  not 
the  last  thinking  peasant,  but  an  initiative 
one,  a  forerunner,  already  followed  by  the 
breeders,  cultivators,  eugenists  of  previous 
pages.  With  such  contributions  to  the 
work  of  experimental  evolution  will  there 
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not  also  be  forthcoming  corresponding  con- 
tributions to  its  theory?  This  will  be 
neither  in  terms  of  the  mere  mechano- 
morphism  of  the  physicists  and  chemists, 
nor  of  the  puzzled  mysticism  of  vitalist 
philosophers  as  yet  befogged  by  their  urban 
environments  or  bewildered  by  reaction 
from  it.  It  will  be  in  terms  of  biology 
proper,  and  its  processes,  of  nutrition  and 
reproduction,  of  metabolism  and  growth. 
Each  science  is  but  an  aspect  of  the  whole,  a 
pictured  facet  of  Nature's  unity,  but  it  has 
its  own  categories,  its  own  values.  No  one 
of  the  main  sciences,  be  they  the  objective — 
physical,  biological,  social;  or  the  sub- 
jective— ethic,  psychologic,  aesthetic — is  in- 
telligibly reducible  into  the  concepts  of  any 
other,  those  of  mechanics,  physics,  chemistry, 
despite  their  long  exaggerated  pretensions, 
as  little  as  any — (though  their  parallelisms 
may  and  should  be  sought;  that  is  a  practi- 
cable and  legitimate  inquiry).  It  tells  us 
nothing  of  the  aesthetic  value  of  scarlet 
blossom,  of  golden  sunset,  of  summer  green, 
that  these  have  such  and  such  relations  of 
wave-length,  interesting  in  the  physical 
laboratory  though  that  be.  By  all  means 
let  us  correlate  brain  growth  with  mind; 
but  the  life  of  intelligence,  idealism,  imagina- 
tion,   would   have   none   the   less   its   psy- 
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chological  independence  were  the  chemical 
formulae  of  every  brain  metabolism  pub- 
lished to-morrow. 

So  then  for  biology.  Its  theory  of  life,  of 
evolution  must  be  in  its  own  terms,  of  func- 
tion and  form,  and  free  therefore  from 
absorption  into  the  lower  physical  order,  as 
from  exaggeration  into  the  higher  ethical 
and  political  one.  The  latter  mode  of  state- 
ment is  the  transcendentalist's  old-fashioned 
fable;  the  former  is  a  materialistic  fable. 
But  to  correlate  and  parallelize  the  biological 
with  the  physical  order,  as  with  the  social, 
whenever  we  can :  that  is  a  different  matter. 

Above  all,  however,  let  us  as  naturalists 
see  that  we  grasp  not  only  the  mechanical 
and  urban  point  of  view  but  the  rustic  and 
physiological  one. 


CHAPTER  VIII 

THE   EVOLUTION   PROCESS   ONCE  MORE 
REINTERPRETED 

The  evolution  process  again  reinterpreted — Antithesis  of 
vegetation  and  reproduction;  applications  in  the  plant 
world — Justification  from  rustic  experience — Evolution  in 
the  animal  kingdom — Summary  and  conclusions. 

Though  we  must  leave  that  rich  mastery 
of  the  evolution  secret  we  once  hoped  for  to 
the  successors  we  would  fain  send  out  so 
much  better  equipped,  can  we  not  meantime 
be  going  at  least  a  step  or  two  farther  be- 
fore we  leave  life's  wonder-feast — readers 
and  writers  alike?  Here,  then,  in  preceding 
chapters  have  been  offered  summaries  and 
interpretations  not  a  few:  some  are  master- 
keys,  tested  by  long  and  world-wide  use, 
others  awaiting  trial  and  verification;  but 
most,  surely,  of  some  applicability.  In  con- 
clusion, and  not  as  dogmatically  pressed,  but 
suggestively  offered,  the  reader  may  be  inter- 
ested in  some  brief  outlines  of  a  different 
reinterpretation  of  the  evolution  process — 
one  not  as  yet  fully  published,  still  less 
seriously  criticized  by  other  biologists;  one 
suggested  at  the  close  of  our  "Evolution  of 
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Sex,"  outlined  in  scattered  papers  and  lec- 
ture syllabuses,  and  with  its  beginnings 
compressed  into  a  too  dry  abstract  at  the 
close  of  the  old  "Britannica"  article  "Varia- 
tion and  Selection,"  many  years  ago. 

Let  us  start  from  the  acceptedly  known, 
from  Darwin's  natural  selection,  and  this  of 
*' indefinite"  variations,  and  express  the  prob- 
lem before  us  in  the  words  of  Weismann: 
"We  certainly  cannot  remain  at  the  purely 
empirical  conception  of  variability  and  hered- 
ity as  laid  down  by  Darwin  in  his  admirable 
work.  In  the  first  enthusiasm  over  the  newly 
discovered  principle  of  selection,  the  one 
factor  of  transformation  contained  in  this 
principle  has  been  unduly  pushed  into  the 
background  to  make  way  for  the  other  more 
apparent  and  better  known  factors.  The 
first  indispensable  factor,  and  perhaps  the 
most  important  in  any  case,  in  every  trans- 
formation is  the  physical  nature  of  the  organ- 
ism itself." 

This  inquiry  into  the  organismal  springs 
of  variation  must  lead  us  far.  For  Weismann 
these  have  led  especially  into  his  subtle 
studies  of  the  germ-plasm;  but  obviously 
also  they  involve  a  fresh  survey  of  the  leading 
types  of  variation  as  we  see  them  developed 
by  plant  and  animal  forms.  Naturalists  are 
no  longer  so  much  setting  out  from  the  anal- 
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ogy  of  human  selection  upon  domestic  ani- 
mals and  cultivated  plants,  and  reasoning 
from  the  accumulation  of  their  varietal 
differences  up  to  what  seem  to  correspond  to 
species  or  sometimes  even  genera  in  Nature, 
and  thence  arguing  on  Lyell's  uniformitarian 
principle,  for  the  analogous  cumulative  nat- 
ural selection  through  geological  time,  of  the 
characters  of  larger  groups,  genera,  orders, 
classes  and  the  rest.  We  have  simply  now 
to  group  our  types  of  variation,  and  to  con- 
sider them  from  the  standpoint  of  general 
physiology  as  far  as  we  know  it,  and  inde- 
pendently of  these  fascinating  hypotheses  of 
agriculture  and  geology. 

Vegetation  and  Reproduction,  and 
THEIR  Antithesis. — The  largest  view  of 
physiology,  one  peculiarly  obvious  to  the 
botanist,  from  the  vivid  distinctness  of 
flowers  and  foliage,  but  denied  by  none  for 
animals  and  man  as  well,  is  that  which  treats 
the  functions  of  living  beings  as  of  two  main 
kinds;  grouping  on  the  one  side  respiration, 
irritability,  and  all  the  other  activities  of  the 
individual  in  its  self-maintaining  life,  and 
then  setting  over  against  the  whole  of  these 
the  great  function  of  the  species-maintaining 
life,  reproduction.  Weismann's  main  work 
has  been  to  emphasize  this  distinction,  espe- 
cially from  the  side  of  the  intimate  morphol- 
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ogy  of  the  germ-cells;  while  some  of  the  best 
chapters  of  Spencer's  ** Principles  of  Biology'* 
are  those  in  which,  after  pointing  out  its 
intelligibility  in  terms  of  the  principle  of  con- 
servation of  energy,  he  elaborates  the  an- 
tithesis of  nutrition  and  reproduction  by 
reference  to  many  plant  and  animal  forms. 
Yet  though  the  principle  is  one  familiar 
since  the  dawn  of  physiology,  its  applica- 
tions are  still  far  from  exhausted.  "While 
philosophers  are  disputing  over  the  govern- 
ment of  the  world,  hunger  and  love  are  per- 
forming the  task,"  says  Schiller;  and  our 
"Evolution  of  Sex"  is  essentially  an  elabora- 
tion of  one  great  aspect  of  this  theme. 

Applications  towards  Interpretation 
OF  THE  Plant  World. — Let  us  begin  with 
the  origin  of  the  flower,  which  all  agree  in 
regarding  as  a  shoot  modified  for  reproduc- 
tion. But  it  is  also  shortened,  as  compared 
with  a  vegetative  shoot;  then  why.^  By 
natural  selection  from  two  other  alternative 
variations  .f^ — one  like  the  vegetative  shoot, 
and  the  other  lengthened  farther  still  .^  These 
are  imaginable  as  forms;  there  is  no  mor- 
phological absurdity  about  them:  yet  we 
may  be  fairly  sure  they  never  existed  at  all, 
and  so  have  not  been  selected.  How  so.^^ 
They  are  excluded  by  the  physiological 
explanation  of  inevitable  shortening;    since 
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the  organic  expenses  of  the  onset  of  the 
reproductive  function  necessarily  check  the 
vegetative  ones. 

Similarly  for  flower  groupings,  the  "forms 
of  inflorescence."  The  simplest  form  is  the 
long  flowery  stem,  each  flower  with  its  own 
stalk,  like  the  foxglove  spire;  but  such  fine 
"racemes"  are  comparatively  uncommon. 
Often  the  flower-stalks  are  arrested,  and  we 
have  the  "spike,"  as  in  the  mullein,  golden- 
rod;  or  again  it  may  be  the  main  stem  which 
stops  short,  leaving  the  minor  stalks  to  grow 
and  separate  the  flowers,  as  in  the  "umbel" 
of  cowslip  (and  even  primrose),  of  ivy  and  of 
the  parsley  and  hemlock  tribe  without  num- 
ber. But  in  one  great  order,  and  that  sig- 
nificantly one  of  the  most  successful  in  the 
whole  world-flora,  the  daisy  and  dandelion 
order,  the  axis  of  inflorescence  is  arrested  in 
growth  until  it  is  a  flat  disk,  and  the  flower 
stems  have  disappeared  altogether,  so  that 
we  have  the  crowded  "head"  of  flowers, 
their  own  individual  development  greatly 
reduced,  so  characteristic  of  the  Composites. 
This  principle  of  flower-heading  is  constant 
in  not  a  few  orders  otherwise  widely  distinct, 
like  willows  and  plantains;  and  appears  here 
and  there  among  other  orders,  e,g,  in  sea- 
pinks,  and  even  among  labiates  and  rose- 
worts.    It  is  noticeable  that  such  forms,  like 
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the  Composites  themselves,  are  commonly 
vigorous  and  hardy  growers,  as  may  reason- 
ably happen,  the  saving  through  subordina- 
tion of  the  reproductive  shoots  being  appli- 
cable to  help  on  the  vegetative  ones.  In  the 
figs,  a  peculiarly  vigorous  and  varied  tribe, 
the  arrest  of  the  inflorescence  goes  so  far  as 
to  make  this  like  an  inturned  glove-finger, 
a  hollow  pouch  instead  of  the  usual  ascend- 
ing cone,  and  with  the  tiny  fiorets  inside 
accordingly. 

Now,  returning  to  the  individual  flower, 
it  is  an  interesting  fact  that  this  process  of 
reduction  of  the  great  axis  of  inflorescence 
from  shoot  to  head,  and  thence  to  fig,  is 
repeated  on  that  small  axis  of  the  flower, 
which  the  beginner  in  flower  dissection  is  apt 
to  forget  altogether.  This,  however,  may  be 
easily  made  out  as  a  distinct  case,  in  the 
buttercup,  or  best  of  all,  in  the  magnolia,  and 
the  sepals  and  petals,  the  stamens  and  carpels, 
may  all  be  seen  to  arise  upon  this  in  ascend- 
ing order,  like  the  young  crowded  leaves  of 
a  vegetative  bud.  This  simple  ("hypogy- 
nous")  arrangement,  however,  goes  farther 
in  the  ("perigynous")  strawberry,  where, 
instead  of  a  short  conical  shoot,  we  have 
now  the  axis  disk-shaped,  recalling  the  com- 
posite head;  while  even  the  hollow  fig 
finds  its  parallel  in  the  many  flowers  which. 
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like  rose  or  daffodil,  have  become  "epigy- 
nous,"  i.e.  with  their  ovaries,  now  sunk  at 
the  bottom  of  a  cup,  the  arrested  and  over- 
grown apex.  Passing  now  to  forms  so  utterly 
distinct  as  the  fungi,  we  find  the  same  proc- 
ess repeating  itself,  the  essential  reproduc- 
tive organs  sinking  from  cone  to  disk,  and 
thence  into  cup  or  pouch,  like  fig  and  rose, 
indeed  closing  up  completely. 

Now,  the  farther  we  go  in  our  studies  of 
flower  anatomy,  the  more  we  find  of  this 
subordination  of  the  vegetative  life  by  the 
reproductive;  witness  the  reduction  of  the 
number  of  petals,  stamens  and  carpels  from 
indefinite  to  few.  See,  however,  what  all 
this  amounts  to.  All  these  changes  and 
others,  in  fact  the  most  important  of  floral 
variations,  the  big  lifts  distinctive  for  the 
evolution  of  orders,  are  thus  seen  no  longer 
as  indefinite,  and  hence  dependent  on  ex- 
ternal selection  for  their  guidance;  but,  on 
the  contrary,  as  parallel  and  definite,  since 
determined  through  the  continued  checking 
of  the  vegetative  process  by  the  reproductive, 
and  thus  pressed  along  parallel  and  definite 
grooves  of  progressive  change.  But  if  this 
be  so,  the  importance  we  have  been  taught 
by  Darwin  to  assign  to  natural  selection 
becomes  greatly  changed — from  selecting  and 
accumulating  supposed  indefinite  variations. 
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to  that  mainly  of  retarding  definite  ones, 
after  their  maximum  utility  has  been  in- 
dependently reached! 

The  same  simple  conception  unlocks  innu- 
merable problems  of  floral  morphology,  large 
and  small  alike,  from  the  inevitable  develop- 
ment of  angiosperm  from  gymnosperm  (by 
the  continuous  subordination  in  vegetative 
development  of  the  reproductive  carpellary 
leaf)  to  the  origin  of  many  of  the  refined 
minor  "adaptations"  of  the  dominant  school. 
Adaptation  to  insects,  to  wind  also,  thus  falls 
from  a  primary  to  at  most  a  very  secondary 
place  as  a  factor  in  the  evolution  of  flowers; 
for  the  characteristics  usually  ascribed  to 
the  selective  action  of  wind  and  insects 
constantly  appear  at  the  extremes  of  the 
relatively  more  vegetative  and  more  floral 
series  which  are  discernible  more  or  less  in 
every  alliance,  great  and  small.  Witness 
among  the  vast  group  of  monocotyledons, 
the  extremes  of  the  grasses  and  the  orchids 
respectively;  or  in  a  single  genus,  say 
Senecio,  its  weedy  groundsels  and  gorgeous 
cinerarias. 

Justification  of  the  Present  Theory 
IN  Rustic  Experience. — Now  this  whole 
theoretic  reinterpretation :  whence  is  it.f^ 
Again  from  experience.  With  the  resources 
of  a  great  garden,  at  any  rate  with  a  gardener 
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to  do  all  the  work  for  us,  we  come  out  at 
leisure,  and  notice  the  flowers,  here  visited 
by  insects,  and  there  swaying  in  the  wind, 
and  fancy  their  forms  thus  fashioned,  adapted, 
selected  from  without:  our  town  friends 
are  readily  convinced  of  this,  and  their 
assent  strengthens  our  convictions  and  stimu- 
lates our  researches  anew.  But  when  we 
set  about  making  a  garden  for  ourselves,  and 
labour  with  our  own  hands,  new  perspectives 
open,  fresh  points  of  view  appear,  above  all 
that  of  growth;  and  this — even  at  its  very 
simplest,  the  wide  growth-contrast  of  lilies 
and  rushes,  of  weeds  and  flowers — reinter- 
prets the  differences  we  formerly  ascribed  to 
form — as  scientists  we  thought,  as  leisure 
class  we  now  see;  and  essentially  urban  at 
that.  For  while  in  our  town  herbaria  we 
distinguish  grasses  and  orchids  essentially  by 
their  post-mortem  structure,  the  gardener 
is  the  fuller  scientist,  the  true  physiologist, 
knowing  their  differences  as  lives;  the  grass 
so  vegetative  that  cattle  and  farm  and  city 
all  live  upon  its  surplus,  the  orchids  so 
splendidly  floral  that  we  may  easily  spend 
upon  their  culture  more  than  our  grass-field 
can  earn. 

If  this  rustic  point  of  view  be  seized,  and 
the  urban  and  mechanical  one  correspond- 
ingly subordinated,  the  present  theory  will 
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work  itself  out  just  as  fully  and  freshly  as 
did  the  selectionist  game  of  thought:  if  not, 
it  remains  useless  to  argue  for  it.  The  eye 
sees  only  what  it  brings  the  means  of  seeing. 

Re-interpretation  of  the  Animal  King- 
dom.— Instead  then  of  opening  new  botanical 
sections,  of  which  each  would  really  require 
a  chapter,  sometimes  a  whole  volume,  now 
dealing  with  the  interpretations  of  flowers 
and  of  fruits,  and  again  with  the  great  pecu- 
liarities of  habit — evergreens,  thorny  plants, 
climbers  and  so  on,  let  us  rather  ask:  Can 
any  such  physiological  interpretations  be 
applied  to  a  survey  of  the  animal  kingdom? 
Its  problems  are  obviously  far  more  intricate 
and  varied:  yet  the  result  is  scarcely  less 
definite  or  comprehensive.  In  the  outline 
of  our  restatement  of  the  cell-theory  as  a 
"theory  of  the  cell  cycle"  (Chapter  III)  we 
have  already  interpreted  such  main  forms  of 
Protozoa  as  the  rhizopods,  the  gregarines,  the 
inf usors,  not  from  without,  as  the  empirically 
selected  products  of  spontaneous  variations 
among  indefinite  possibilities,  but  from  with- 
in, as  simply  the  preponderatingly  amoeboid, 
resting,  and  motile  phases  of  the  cell-cycle, 
three  forms  determined  by  the  properties  of 
protoplasm  itself. 

This  conception  of  life-histories,  as  physio- 
logical  and   not   merely   structural,  ration- 
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alizes  our  animal  no  less  than  our  vegetable 
classifications.  Thus  the  greatest  of  all  steps 
in  morphological  progress,  that  from  the  uni- 
cellular Protozoa  to  the  multicellular  Meta- 
zoa,  is  plainly  not  due  to  the  external  selec- 
tion of  the  more  individuated  and  highly 
adapted  Protozoan  species,  but  is  under- 
stood from  within,  as  the  union  of  relatively 
embryonic  and  unindividuated  cells  into  an 
aggregate  in  which  each  becomes  diminish- 
ingly  competitive  as  regards  its  fellows,  and 
increasingly  subordinated  to  the  social  whole; 
while  within  the  hody  thus  developed,  a 
series  of  cells  remains  relatively  undiffer- 
entiated as  the  essential  sex  organ,  female  or 
male  (preponderatingly  anabolic  or  katabolic) 
as  the  case  may  be.  And  as  the  natural 
variations  and  divergences  of  plants  may  be 
most  conveniently  summed  in  terms  of  vege- 
tative and  floral  preponderance  respectively, 
so  those  of  animals  similarly  fall  into  the 
broadly  recognizable  contrast  of  passive  and 
active,  sedentary  and  errant,  perpetually 
renewing  itself  in  every  group.  Hence  the 
contrast  of  fixed  anenome  or  coral  and  swim- 
ming jelly-fish  or  ctenophore,  of  stony  tube- 
worms  and  naked  creeping  or  swimming 
worms,  or  the  contrast,  yet  series,  of  fixed 
crinoid  and  boring  urchin  with  creeping  star- 
fish and  active  sand-star;  or  again  of  passive 
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barnacle  and  active  shrimp,  of  sluggish 
beetle  and  nimble  gnat;  or  again  within  the 
same  orders,  as  moth  and  butterfly — always 
the  same  dichotomy  of  passive  and  active. 
Here  essentially  lies  the  secret  of  the  diver- 
gence between  ascidian  and  vertebrate,  to 
take  a  great  difference,  or  that  between  toad 
and  frog  for  a  small  one;  or  again  this  is  the 
main  contrast  between  reptile  and  bird, 
Diplodocus  and  swallow.  This  lies  within 
the  perpetual  redifferentiation  of  these, 
witness,  among  reptiles,  the  sluggish  and 
often  colossal  tortoises,  yet  the  active  and 
supple  snakes;  and  these  (0/  course)  again 
differentiating  anew,  here  the  huge  and 
passive  python,  and  there  the  small  and 
nimble  fer  de  lance.  Once  more,  for  birds, 
see  the  contrast  of  the  massive  pedestrian 
dodo  with  his  pigeon  cousins;  or  of  giant 
chickens  like  the  ostrich  and  emu  tribes  with 
exquisite  but  tiny  adults,  say  the  humming- 
birds. The  kinship  of  elephant  and  coney, 
the  contrast  of  stony  glyptodon  and  gigantic 
sloth  with  nimble  lemur  and  agile  monkey, 
and  again  of  bear  and  dog,  of  dog  and  cat, 
of  sheep  and  goat,  are  thus  re-interpreted 
together,  no  longer  as  for  the  early  Darwin- 
ians as  so  many  machine-like  combinations 
of  innumerable  indefinite  variations  exter- 
nally selected  from  among  yet  more  innumer- 
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able  ones,  nor  even  among  a  more  limited 
number  of  ancestral  possibilities,  but  as  so 
many  forms  thrown  from  the  rhythmic 
oscillation  of  the  loom  of  life.  Each  of  these 
types  or  species,  with  its  exquisite  intricacy 
of  detail  and  individuality  of  pattern,  its 
marvellous  correlation  of  organs,  is  thus  a 
new  unity  created  from  within  by  its  own 
interior  play  and  balance  of  vegetative  and 
reproductive  forces,  its  inner  predominances 
here  of  anabolisms  and  there  of  katabolisms. 
Growth  and  arrest,  giant  and  dwarf,  rest 
and  movement,  sleep  and  waking,  even  fe- 
male, and  male  are  contrasts  all  physiologi- 
cally akin;  and  this  single  and  simple  rhythm 
of  metabolisms,  of  passivities  and  activities 
goes  on  into  compound  and  recompounding 
rhythms,  like  the  figures  of  the  pendulo- 
graph.  The  forms  of  life  are  thus  distinct 
and  definite,  because  harmoniously  unified. 
They  have  a  certain  stability,  great  or  small, 
yet  they  are  anew  transformable,  like  musical 
variations,  like  singing  flames.  Thus  from 
within  are  spun  and  woven  and  shaped  the 
manifold  garments  of  Life,  always  simple, 
though  ever  more  and  more  Protean.  Our 
clue  to  the  secret  of  variational  evolution 
thus  holds  good,  is  one  and  the  same  from 
the  ancient  contrast  of  plant  and  animal  up 
through  the  great  lifts  of  evolution,  and  down 
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through  its  ever  recurrent  falls;  and  if  it 
appHes  equally  to  the  origin  of  classes  and 
orders,  of  genera  and  of  species,  why  not  also 
to  the  varieties  and  mutations  which  natural- 
ists are  discussing,  for  the  most  part  too 
externally,  at  the  present  day? 

Summary  and  Conclusions. — ^s  in  plants 
the  species-maintaining  funcl^ions  prepon- 
^_^^^itif^  f^^^^  ^^"^  "'^^^'yniunil  nn^°i  so  that 
froni  anTiiial  to  agf1,Y(^  thl^  plfint  must  flower 
although  it  ^ie^  so  the  same  prepni^deranpp 
aggegxS-ilL-aimnals.  The  "self-interest"  in 
which  the  utilitarian  economists  found  the 
all-sufficient  spring  of  action,  and  which 
naturalists  too  long  and  too  uncritically 
adopted  from  these  (whence  Huxley's  "glad- 
iator's show"),  turns  out  to  be  enlightened 
by  family  interest,  species  interest,  however 
sub-conscious.  The  traditional  primary 
insistence  upon  the  individual  competition 
for  food,  and  the  very  subordinate  and  tardy 
recognition  of  the  importance  of  sexual  and 
social  co-operation,  are  also  traceable  to  a 
confusion  ol  thought — that  of  putting  the 
nutritive  factor  "in  the  first  place"  because 
it  precedes  the  reproductive  in  time;  whereas 
the  organism  enters  upon  reproduction, 
and  so  cedes  the  preponderance,  "the  first 
place,"  to  the  species-regarding  functions. 
That  increase  of  the  reproductive  sacrifice 
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which  first  makes  the  mammal,  and  then 
marks  each  of  its  distinctive  upHf ts  of  further 
progress  (from  monotreme  to  marsupial, 
and  thence  to  placental),  that  increase  of 
jlgr^ntal  care,  that  frequent  appearance  of 
sociality  and  co-operation  which,  even  in  its 
rudest  forms,  so  surely  secures  the  success 
of  the  species  attaining  it,  be  it  mammal  or 
bird,  insect  or  even  worm — qjlthese  survivals 
of  the  truly  fittest,  throughloye  and  sacri- 
fipp,  sn(>i>.KiJitY  ^^d  co-operation  simple  to 
complex — i\ged  far  other  prominence  Jjian 
t^](^v  can  possibly  receive  even  by  some  mil- 
dewing attenuation  of  the  classic  economic 
hypothesis  of  the  progress  of  the  species 
essentially  through  the  internecine  struggle 
among  its  individuals  at  the  margin  of 
subsistence. 

Q^ir  thf^ory  thus  furnishes  a  re-interpreta- 
tipn  of  the  forms  attained  hv  plants  and, 
flpimals  fflyppnralilp  t,(^  tli^^t  flffordpH  by  the 
received  hypot^i^sis  (and,  if  space  allowed, 
traceable  into  no  less  refinement  of  detail), 
yet  with  an  essentially  allied  view  of  the 
process  and  factors  of  organic  evolution  as  a 
whole.  Most  brieflv  stated,  the  vif^^  of  evo- 
hifion  thns  rpn^hed  js  thi^t  cJ  dgfin^te  varia- 
tion: its  branchings  essentially  ^chotomous 
rather  than  indefinite,  with  progress  essen- 
tially through  the  subordination  of  individual 
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struggle  and  development  to  species-main- 
taining ends.  The  ideal  of  evolution  is  thus 
no  gladiator's  show,  but  an  Eden;  andJJijQiLgh 
competition  can  never  be^hri11yplirpinatpH — 

but  almnst  nn  g.syTx^ptoti^ — it  is  mufch  for  our 
pure  natural  history  to  see  no  longer  struggle, 
but  love  as  "creation's  final  law." 

Jj^^atural  selection  remains  still  a  yer^.  causa, 
in  the  ori^n  of  species;  but  the  function 
ascribed  to  it  is  practically  reversed.  It 
exchanges  its  former  supremacy  as  the 
supposed  sole  determinant  among  practically 
indefinite  possibilities  of  structure  and  func- 
tion, for  the  more  modest  position  of  simply 
ar^celeratipg,  retardinfy  nr  terminatinp^  thp. 
prftf*p,g|,q  nf  nt>iP7*-yy^j[,«gp  determined  change.  It 
furnishes  the  brake  rather  than  the  steam  or 
the  rails  for  the  journey  of  life;  or  in  better 
metaphor,  instead  of  guiding  the  ramifica- 
tions of  the  tree  of  life,  it  would,  in  Mivart's 
excellent  phrase,  do  little  more  than  apply 
the  pruning-knife  to  them.  In  other  words, 
its  functions  are  mainly  those  of  the  third 
Fate,  not  the  first;  of  Siva,  not  of  Brahma. 
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